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(57) ABSTRACT

A polymer compound 1ncluding a structural unit (a0) repre-
sented by general formula (a0-1) shown below:

|Chemuical Formula 1]
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wherein R represents a hydrogen atom, an alkyl group of 1 to
5 carbon atoms or a fluorinated alkyl group of 1 to 5 carbon
atoms; R* and R® each independently represents a hydrogen
atom, an alkyl group or an alkoxy group, or R* and R® may be
bonded together to form an alkylene group that may include
an oxygen atom or sulfur atom at an arbitrary position, —O—
or —S—; R* and R” each independently represents a hydro-
gen atom, an alkyl group that may include an oxygen atom at
an arbitrary position, a cycloalkyl group that may include an
oxygen atom at an arbitrary position or an alkoxycarbonyl

group.

8 Claims, No Drawings
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POLYMER COMPOUND, RESIST
COMPOSITION AND METHOD OF FORMING

RESIST PATTERN

TECHNICAL FIELD

The present invention relates to a novel polymer com-
pound, a resist composition and a method of forming a resist
pattern which can be used 1n lithography applications.

Priority 1s claimed on Japanese Patent Application No.

2007-034588, filed Feb. 15, 2007, and Japanese Patent Appli-
cation No. 2007-302250, filed Nov. 21, 2007, the contents of

which are incorporated herein by reference.

BACKGROUND ART

In lithography techniques, for example, a resist {ilm com-
posed of a resist material 1s formed on a substrate, and the
resist film 1s subjected to selective exposure of radial rays
such as light or an electron beam through a mask having a
predetermined pattern, followed by development, thereby
forming a resist pattern having a predetermined shape on the
resist film.

A resist material 1n which the exposed portions become
soluble 1n a developing solution 1s called a positive-type, and
a resist material 1n which the exposed portions become
insoluble 1n a developing solution 1s called a negative-type.

In recent years, 1 the production of semiconductor ele-
ments and liquid crystal display elements, advances 1n lithog-
raphy techniques have lead to rapid progress 1n the field of
pattern miniaturization.

Typically, these mimaturization techniques mvolve short-
cning the wavelength of the exposure light source. Conven-
tionally, ultraviolet radiation typified by g-line and 1-line
radiation has been used, but nowadays KrF excimer lasers and
ArF excimer lasers are now starting to be mtroduced 1n mass
production. Furthermore, research 1s also being conducted
into lithography techniques that use an exposure light source
having a wavelength shorter than these excimer lasers, such
as F, excimer lasers, electron beams, extreme ultraviolet
radiation (EUV), and X rays.

Resist materials for use with these types of exposure light
sources require lithography properties such as a high resolu-
tion capable of reproducing patterns ol minute dimensions,
and a high level of sensitivity to these types of exposure light
sources.

As a resist material which satisfies these conditions, a
chemically amplified resist 1s used, which includes a base
resin that exhibits a changed solubaility 1n an alkal1 developing,
solution under action of acid and an acid generator that gen-
erates acid upon exposure.

For example, a chemically amplified positive resist con-
tains, as a base resin, a resin which exhibits increased solu-
bility 1n an alkali developing solution under action of acid,
and an acid generator. In the formation of a resist pattern,
when acid 1s generated from the acid generator upon expo-
sure, the exposed portions become soluble 1n an alkali devel-
oping solution.

Currently, resins that contain structural units derived from
(meth)acrylate esters within the main chain (acrylic resins)
are widely used as base resins for resists that use ArF excimer
laser lithography, as they exhibit excellent transparency 1n the
vicinity of 193 nm (for example, see Patent Document 1).
Here, the term “(meth)acrylic acid” 1s a generic term that
includes eirther or both of acrylic acid having a hydrogen atom
bonded to the a-position and methacrylic acid having a
methyl group bonded to the a-position. The term “(meth)
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acrylate ester” 1s a generic term that includes either or both of
an acrylate ester having a hydrogen atom bonded to the a.-po-
sition and a methacrylate ester having a methyl group bonded
to the a-position. The term “(meth)acrylate” 1s a generic term
that includes either or both of an acrylate having a hydrogen
atom bonded to the a-position and a methacrylate having a
methyl group bonded to the a-position.

| Patent Document 1] Japanese Unexamined Patent Appli-
cation, First Publication No. 2003-241385

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

With the expectation of further progress 1 lithography
techniques and further expansion in the potential fields of
application for such lithography techniques, there are grow-
ing demands for the development of novel materials that can
be used 1n lithography applications.

The present invention takes the above circumstances into
consideration, with an object of providing a novel polymer
compound, a resist composition and a method of forming a
resist pattern which can be used 1n lithography applications.

Means for Solving the Problems

For solving the above-mentioned problems, the present
inventors propose the following aspects.

Namely, a first aspect of the present invention is a polymer
compound including a structural unit (a0) represented by
general formula (a0-1) shown below.

|Chemical Formula 1]

SR
N

(a0-1)

O=—C
\O o
5 |
S—N—R>
(.
O R
R3

wherein R represents a hydrogen atom, an alkyl group of 1 to
5 carbon atoms or a fluorinated alkyl group of 1 to 5 carbon
atoms; R” and R each independently represents a hydrogen
atom, an alkyl group or an alkoxy group, or R* and R> may be
bonded together to form an alkylene group that may include
an oxygen atom or sulfur atom at an arbitrary position, —O—
or —S—; R* and R” each independently represents a hydro-
gen atom, an alkyl group that may include an oxygen atom at
an arbitrary position, a cycloalkyl group that may include an
oxygen atom at an arbitrary position or an alkoxycarbonyl
group.

A second aspect of the present invention 1s a resist compo-
sition 1ncluding a resin component (A) which contains the
polymer compound according to the first aspect described
above and an acid-generator component (B) which generates
acid upon irradiation.

A third aspect of the present invention 1s a method of
forming a resist pattern including: applying a resist compo-
sition of the second aspect to a substrate to form a resist film
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on the substrate; subjecting the resist film to exposure; and
developing the resist film to form a resist pattern.

In the present description and claims, the term “structural
unit” refers to a monomer unit that contributes to the forma-
tion of a polymer compound (namely, a resin, polymer or
copolymer).

The expression “structural unit derived from an acrylate

ester” refers to a structural unit which 1s formed by the cleav-
age of the ethylenic double bond of an acrylate ester.

The term “acrylate ester” 1s a generic term that imncludes
acrylate esters having a hydrogen atom bonded to the carbon
atom at the a.-position, and acrylate esters having a substitu-
ent (an atom other than a hydrogen atom or a group) bonded
to the carbon atom at the a-position. As the substituent, a
lower alkyl group, a halogenated lower alkyl group or a halo-
gen atom can be mentioned.

With respect to the “structural unit derived from an acrylate
ester”, the “a-position (the carbon atom at the a-position)”
refers to the carbon atom having the carbonyl group bonded
thereto, unless specified otherwise.

The term “‘exposure” 1s used as a general concept that
includes irradiation with any form of radiation.

Unless specified otherwise, the term “alkyl group”
includes linear, branched and cyclic monovalent saturated
hydrocarbon groups. This definition also applies to alkyl
groups within an “alkoxycarbonyl group™.

A “lower alkyl group” 1s an alkyl group of 1 to 5 carbon
atoms.

The term ““aliphatic”™ 1s a relative concept used 1n relation to
the term “aromatic”, and defines a group or compound or the
like that has no aromaticity.

The term ““alkylene group™ includes linear, branched and
cyclic divalent saturated hydrocarbon groups, unless speci-
fied otherwise.

A “halogenated alkyl group” describes a group in which
some or all of the hydrogen atoms of an alkyl group have been

substituted with halogen atoms. Examples of the halogen
atom include a fluorine atom, a chlorine atom, a bromine atom
and an 10dine atom.

Eftects of the Invention

According to the present invention, there can be provided a
novel polymer compound, a resist composition and a method
of forming a resist pattern.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Polymer Compound

[ Structural Unit (a0)]

A polymer compound of the present invention (hereafter,
referred to as “polymer compound (Al)”) includes a struc-
tural unit (a0) represented by general formula (a0-1) shown
above.

In general formula (a0-1), R" represents a hydrogen atom,

an alkyl group of 1 to 5 carbon atoms or a fluorinated alkyl
group of 1 to 5 carbon atoms.

Specific examples of the alkyl group of 1 to 5 carbon atoms
for R include linear or branched lower alkyl groups such as
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a methyl group, an ethyl group, a propyl group, an i1sopropyl
group, an n-butyl group, an 1sobutyl group, a tert-butyl group,
a pentyl group, an 1sopentyl group and a neopentyl group.

Examples of the fluorinated alkyl group of 1 to 5 carbon
atoms for R' include groups in which part or all of the hydro-
gen atoms within the alkyl groups of 1 to 5 carbon atoms
described above have been substituted with a fluorine atom.

From the viewpoint of industrial availability, R* is prefer-
ably a hydrogen atom, a methyl group or a trifluoromethyl

group, and a hydrogen atom or a methyl group 1s particularly
desirable.

In formula (a0-1), R* and R> each independently represents
a hydrogen atom, an alkyl group or an alkoxy group, or R* and
R® may be bonded together to form an alkylene group that
may 1nclude an oxygen atom or sulfur atom at an arbitrary
position, —O— or —S

The alkyl groups for R* and R> may be linear, branched or
cyclic monovalent saturated hydrocarbon groups, and are
preferably saturated hydrocarbon groups of 1 to 10 carbon
atoms, more preferably saturated hydrocarbon groups of 1 to
6 carbon atoms, and most preferably saturated hydrocarbon
groups ol 1 to 4 carbon atoms.

With respect to the alkoxy groups for R* and R”, the alkyl
groups may be linear, branched or cyclic monovalent satu-
rated hydrocarbon groups, and are preferably saturated
hydrocarbon groups of 1 to 10 carbon atoms, more preferably
saturated hydrocarbon groups of 1 to 6 carbon atoms, and
most preferably saturated hydrocarbon groups of 1 to 4 car-
bon atoms.

R* and R” are preferably bonded together to form an alky-
lene group that may include an oxygen atom or sulfur atom at
an arbitrary position, —O— or —S

The alkylene group formed when R* and R® are bonded
together 1s a linear, branched or cyclic divalent saturated
hydrocarbon group, and 1s preferably a group of 1 to 5 carbon
atoms, more preferably a group of 1 to 4 carbon atoms, still
more preferably a group of 1 or 2 carbon atoms, and a group
of one carbon atom (namely, a methylene group) 1s particu-
larly desirable.

When R” and R” are bonded together to form an alkylene
group that may include an oxygen atom or sulfur atom at an
arbitrary position, —O— or —S—, the structural unit (a0) 1s
a structural umt represented by general formula (a0-1-1),

(a0-1-2) or (a0-1-3) shown below.

|Chemuical Formula 2|

(a0-1-1)

C
o7 \O
A.’
S"/' ?
oZ \
N—R?>
1y
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-continued
(20-1-2)
H, R!
/( ¢
C
=
0 \o\
O
S/’:}O
o””} \
N—R?>
I,
(a0-1-3)
H, R!
/Q ¢
C
4
0 \0\
S
S/’O
o”/’ \
N—R?>
I,

In these formulas (a0-1-1), (a0-1-2) and (a0-1-3), R', R*
and R are as defined above for R', R*, and R, respectively in
the aforementioned formula (a0-1).

In formula (a0-1-1), A' represents an alkylene group that
may 1nclude an oxygen atom or sulfur atom at an arbitrary
position, and 1s preferably an alkylene group of 1 to 5 carbon
atoms that may include an oxygen atom or sulfur atom at an
arbitrary position. Specific examples thereol include a meth-
ylene group, an ethylene group, an n-propylene group, an
isopropylene group, —CH,—O—CH,—, —CH,—O
(CH,),—, —CH,—S—CH,— and —CH,—S—(CH,),—.

In formula (a0-1), R* and R> each independently represents
a hydrogen atom, an alkyl group that may include an oxygen
atom at an arbitrary position, a cycloalkyl group that may
include an oxygen atom at an arbitrary position or an alkoxy-
carbonyl group.

The alkyl group for R* and R” is preferably a linear or
branched monovalent saturated hydrocarbon group. The lin-
car or branched monovalent saturated hydrocarbon group is
preferably a saturated hydrocarbon group of 1 to 10 carbon
atoms, more preferably a saturated hydrocarbon group of 1 to
6 carbon atoms, and most preferably a saturated hydrocarbon
group of 1 to 4 carbon atoms. The alkyl group for R* and R’
may 1include an oxygen atom at an arbitrary position.
Examples of such alkyl group include an alkoxy group and an
alkoxvalkyl group.

The cycloalkyl group for R* and R” is preferably a cyclic
monovalent saturated hydrocarbon group, more preferably a
saturated hydrocarbon group of 3 to 20 carbon atoms, still

more preferably a saturated hydrocarbon group of 4 to 15
carbon atoms, and most preferably a saturated hydrocarbon
group of 5 to 12 carbon atoms. The cycloalkyl group for R*
and R> may include an oxygen atom at an arbitrary position.

With respect to the alkoxycarbonyl group for R* and R”, the
alkyl group 1s preferably a linear, branched or cyclic monova-
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lent saturated hydrocarbon group, more preferably a satu-
rated hydrocarbon group of 1 to 10 carbon atoms, and still
more preferably a saturated hydrocarbon group of 1 to 6
carbon atoms. As the alkoxycarbonyl group for R* and R,
chain-like tertiary alkoxycarbonyl groups such as a tert-bu-
toxycarbonyl group and a tert-pentyloxycarbonyl group are
particularly desirable.

When the polymer compound (A1) of the present invention
1s used as a resin component (A) 1n a positive resist compo-

sition described later, it 1s preferable that either one of, or both
of R* and R” be an acid dissociable, dissolution inhibiting

group.

For example, when one of R* and R is an acid dissociable,
dissolution mhibiting group, specific examples of the struc-
tural unit (a0) include structural units represented by general

formula (a0-1-4) shown below.

|Chemical Formula 3]

H,
C

(a0-1-4)

X R
RB
S////O
0%\
N—R’
)

In formula (a0-1-4), R', R*, R” and R” are as defined above

for R', R, R® and R>, respectively in the aforementioned
formula (a0-1), and X' represents an acid dissociable, disso-
lution 1nhibiting group.

The acid dissociable, dissolution inhibiting group for R*
and R> in the structural unit (a0) (for example, X' in the
alforementioned formula (a0-1-4)) 1s “an alkyl group that may
include an oxygen atom at an arbitrary position, a cycloalkyl
group that may include an oxygen atom at an arbitrary posi-
tion or an alkoxycarbonyl group”, and during formation of a
resist pattern when prepared as a resist composition, has an
alkal1 dissolution-inhibiting effect that renders the entire
polymer compound (Al) mnsoluble 1n an alkali developing
solution prior to dissociation, and then following dissociation
by the action of acid, increases the solubility of the entire
polymer compound (A1) in the alkali developing solution.

As the acid dissociable, dissolution inhibiting group, any
of the groups that have been proposed as acid dissociable,
dissolution inhibiting groups for the base resins of chemically
amplified resists can be used. Specifically, among the acid
dissociable, dissolution 1nhibiting groups mentioned 1n rela-
tion to a structural unit (al) described later, a group corre-
sponding to “an alkyl group that may include an oxygen atom
at an arbitrary position, a cycloalkyl group that may include
an oxygen atom at an arbitrary position or an alkoxycarbonyl
group’’, can be used. More specifically, a tertiary alkyl group,
an acetal-type acid dissociable, dissolution imnhibiting group
such as an alkoxyalkyl group, and an alkoxycarbonyl group
can be used.

In the “tertiary alkyl group” for R* and R” in the structural
unit (a0), a tertiary carbon atom within the chain-like or cyclic
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alkyl group 1s bonded to the nitrogen atom at the terminal of
the sulfonamide group (SO,N group). In this tertiary alkyl
group, during formation ol a resist pattern using the resist
composition, the action of acid causes cleavage of the bond
between the nitrogen atom at the terminal of the sulfonamide
group (SO,N group) and the tertiary carbon atom.

As the chain-like tertiary alkyl group for R* and R, an
aliphatic branched tertiary alkyl group 1s preferable.

The term “aliphatic branched” refers to a branched struc-

ture having no aromaticity.

As the aliphatic branched tertiary alkyl groups for R* and
R>, tertiary alkyl groups of 4 to 8 carbon atoms are more
preferable, and specific examples thereof include a tert-butyl
group, a tert-pentyl group and a tert-heptyl group, and a
tert-butyl group 1s particularly desirable.

As the cyclic tertiary alkyl group for R* and R°, a tertiary
alkyl group including an aliphatic cyclic group can be used.

The term ““aliphatic cyclic group” refers to a monocyclic
group or polycyclic group that has no aromaticity.

Examples of the aliphatic cyclic groups include groups in
which one or more hydrogen atoms have been removed from
a monocycloalkane or a polycycloalkane such as a bicycloal-
kane, tricycloalkane or tetracycloalkane. Specific examples
include groups 1n which one or more hydrogen atoms have
been removed from a monocycloalkane such as cyclopentane
or cyclohexane, and groups in which one or more hydrogen
atoms have been removed from a polycycloalkane such as
adamantane, norbornane, 1sobornane, tricyclodecane or tet-
racyclododecane.

As the tertiary alkyl group including an aliphatic cyclic
group, for example, a group which has a tertiary carbon atom
on the ring structure of the cyclic alkyl group can be men-
tioned. Specific examples include a 2-methyl-2-adamantyl
group and a 2-ethyl-2-adamantyl group. Further, groups hav-
ing an aliphatic cyclic group such as an adamantyl group, and
a branched alkylene group having a tertiary carbon atom
bonded thereto, as 1n the group bonded to the oxygen atom at
the terminal of the carbonyloxy group 1n the structural units
represented by general formula (al") shown below, can be
used.

The “acetal-type acid dissociable, dissolution inhibiting
group” for R* and R” in the structural unit (a0) is bonded to the
nitrogen atom at the terminal of the sulfonamide group
(SO,N group). With respect to the acetal-type acid disso-
ciable, dissolution mmhibiting group, during formation of a
resist pattern using the resist composition, when acid 1s gen-
erated upon exposure, the generated acid acts to break the
bond between the nitrogen atom and the acetal-type acid
dissociable, dissolution inhibiting group.

As the acetal-type acid dissociable, dissolution inhibiting
group, the same acetal-type acid dissociable, dissolution
inhibiting groups as those mentioned 1n relation to the struc-
tural unit (al) described later can be used.

The “alkoxycarbonyl group” for R* and R” in the structural
unit (a0) 1s bonded to the nitrogen atom at the terminal of the
sulfonamide group (SO,N group). With respect to the alkoxy-
carbonyl group, during formation of a resist pattern using the
resist composition, when acid 1s generated upon exposure, the
generated acid acts to break the bond between the nitrogen
atom and the alkoxycarbonyl group.

Examples of the alkoxycarbonyl group include a methoxy-
carbonyl group, an ethoxycarbonyl group, a propyloxycarbo-
nyl group, a butoxycarbonyl group, and a pentyloxycarbonyl
group. Of these, chain-like tertiary alkoxycarbonyl groups
such as a tert-butoxycarbonyl group and a tert-pentyloxycar-
bonyl group are preferable.
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Specific examples of the structural unit (a0) include struc-
tural units represented by general formulas (A0-1-11) and
(A0-1-12) shown below.

|Chemuical Formula 4|

(AO-1-11)

O
O—T—O
NH,

(A0-1-12)

wherein R" is as defined above for R' in the aforementioned
formula (a0-1); the plurality of R>' may be the same or dif-
ferent, and at least one R>' represents a linear or branched
alkyl group of 1 to 4 carbon atoms; and the remaining two R>'
cach independently represents a linear or branched alkyl
group ol 1 to 4 carbon atoms or a monovalent aliphatic cyclic
group of 4 to 20 carbon atoms, or the remaining two R>" may
be bonded to each other to form a divalent aliphatic cyclic
group ol 4 to 20 carbon atoms together with the carbon atoms
to which the two R>' are bonded.

The monovalent aliphatic cyclic group of 4 to 20 carbon
atoms for R>' is as defined above for the “aliphatic cyclic
group’’ described in connection with the aforementioned ter-
tiary alkyl group including an aliphatic cyclic group for R*
and R>, and specific examples thereof include a cyclopentyl
group, a cyclohexyl group, a norbornyl group and an adaman-
tyl group.

Examples of the linear or branched alkyl group of 1 to 4
carbon atoms include a methyl group, an ethyl group, a propyl
group, an 1sopropyl group, an n-butyl group, an 1sobutyl
group and a tert-butyl group.

When the plurality of R>* each independently represents a
linear or branched alkyl group of 1 to 4 carbon atoms, as a
group represented by —C(R>"), in formula (A0-1-12), a tert-
butyl group, a tert-pentyl group, a tert-hexyl group or the like
can be used.

When one of the plurality of R>" represents a linear or
branched alkyl group of 1 to 4 carbon atoms and the remain-
ing two R>' each independently represents a linear or
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branched alkyl group of 1 to 4 carbon atoms or a monovalent
aliphatic cyclic group of 4 to 20 carbon atoms, as a group
represented by —C(R>"), in formula (A0-1-12), a 1-(1-ada-
mantyl)-1-methylethyl group, a 1-(1-adamantyl)-methylpro-
pyl group, a 1-(1-adamantyl)-1-methylbutyl group, a 1-(1-
adamantyl)-1-methylpentyl group, a 1-(1-cyclopentyl)-1-
methylethyl group, a 1-(1-cyclopentyl)-1-methylpropyl
group, a 1-(1-cyclopentyl)-1-methylbutyl group, a 1-(1-cy-
clopentyl)-1-methylpentyl group, a 1-(1-cyclohexyl)-1-me-
thylethyl group, a 1-(1-cyclohexyl)-1-methylpropyl group, a
1-(1-cyclohexyl)-1-methylbutyl group, a 1-(1-cyclohexyl)-1-
methylpentyl group or the like can be used.

When one of the plurality of R”' represents a linear or
branched alkyl group of 1 to 4 carbon atoms and the remain-
ing two R>" are bonded to each other to form a divalent
aliphatic cyclic group of 4 to 20 carbon atoms together with
the carbon atoms to which the two R>" are bonded, as a group
represented by —C(R>"), in formula (A0-1-12), a 2-methyl-
2-adamantyl group, a 2-ethyl-2-adamantyl group, a 1-me-
thyl-1-cyclopentyl group, a 1-ethyl-1-cyclopentyl group, a
1-methyl-1-cyclohexyl group, a 1-ethyl-1-cyclohexyl group
or the like can be used.

In the polymer compound (A1) of the present invention, as
the structural unit (a0), one type of structural umit may be used
alone, or two or more types of structural units may be used 1n
combination.

Furthermore, the polymer compound (A1) of the present
invention may be a polymer formed solely from one type of
the structural unit (a0), namely, the proportion of the struc-
tural unit (a0) within the polymer compound (Al) 1s 100
mol %. The polymer compound (Al) may be a copolymer
formed from two or more different types of structural units
(a0), or a copolymer that also includes one or more other
structural units.

In those cases where the polymer compound (Al) of the
present mvention 1s a copolymer that includes one or more
other structural unmits besides the structural unit (a0), the pro-
portion of the structural unit (a0) within the polymer com-
pound (A1), relative to the combined total of all the structural
units that constitute the polymer compound (A1), 1s prefer-
ably within a range from 10 to 80 mol %, more preferably
from 15 to 80 mol %, still more pretferably from 20 to 70
mol %, and most preferably from 20 to 60 mol %. By making
this proportion of the structural unit (a0) at least as large as the
lower limit of the above-mentioned range, a pattern can be
formed easily using a resist composition prepared from the
polymer compound (Al). On the other hand, by making the
proportion of the structural unit (a0) not more than the upper
limit of the above-mentioned range, a good balance can be
achieved with the other structural units.

In those cases where the polymer compound (Al) of the
present mvention 1s a copolymer that includes one or more
other structural units besides the structural unit (a0),
examples of those other structural units include a structural
unit (al), structural unit (a2), structural unit (a3) and struc-
tural unit (a4) described below. Furthermore, examples of the
structural unit (a3) include a structural unit (a'3) and a struc-
tural unit (a"3) described below.

Structural Unit (al)

It 1s preferable that the polymer compound (Al) further
include a structural unit (al) derived from an acrylate ester
contaiming an acid dissociable, dissolution inhibiting group.

In the present invention, when either one of, or both of R*
and R> in the aforementioned general formula (a0-1) repre-
sents an acid dissociable, dissolution mhibiting group, the
structural unit represented by this general formula (a0-1) falls
within the category of the structural unit (al), since the struc-
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tural unit includes an acid dissociable, dissolution inhibiting
group. However, such a structural unit 1s regarded as falling
within the category of the structural unit (a0) rather than that
of the structural unit (al). In other words, the structural unit
represented by general formula (a0-1) shown above 1s not
included in the structural unit (al).

The acid dissociable, dissolution mnhibiting group within
the structural unit (al), during formation of a resist pattern
when prepared as a resist composition, has an alkali dissolu-
tion-inhibiting effect that renders the entire polymer com-
pound (A1) insoluble 1n an alkali developing solution prior to
dissociation, and then following dissociation by the action of
acid, increases the solubility of the entire polymer compound
(A1)1nthe alkali developing solution. As the acid dissociable,
dissolution 1inhibiting group, any of the groups that have been
proposed as acid dissociable, dissolution inhibiting groups
for the base resins of chemically amplified resists can be used.
Generally, groups that form either a cyclic or chain-like ter-
tiary alkyl ester with the carboxyl group of the (meth)acrylate
ester, and acetal-type acid dissociable, dissolution inhibiting
groups such as alkoxyalkyl groups are widely known.

Here, a tertiary alkyl ester describes a structure in which an
ester 1s formed by substituting the hydrogen atom of a car-
boxyl group with a chain-like or cyclic tertiary alkyl group,
and a tertiary carbon atom within the chain-like or cyclic
tertiary alkyl group 1s bonded to the oxygen atom at the
terminal of the carbonyloxy group (—C(O)—0O—). In this
tertiary alkyl ester, the action of acid causes cleavage of the
bond between the oxygen atom and the tertiary carbon atom.

The chain-like or cyclic alkyl group may have a substitu-
ent.

Hereaftter, for the sake of simplicity, groups that exhibit
acid dissociability as a result of the formation of a tertiary
alkyl ester with a carboxyl group are referred to as “tertiary
alkyl ester-type acid dissociable, dissolution inhibiting
groups’.

Examples of tertiary alkyl ester-type acid dissociable, dis-
solution 1nhibiting groups include aliphatic branched, acid
dissociable, dissolution inhibiting groups and aliphatic cyclic
group-containing acid dissociable, dissolution inhibiting
groups.

In the present description and claims, the term “aliphatic
branched” refers to a branched structure having no aromatic-
ity. The “aliphatic branched, acid dissociable, dissolution
inhibiting group™ 1s not limited to be constituted of only
carbon atoms and hydrogen atoms (not limited to hydrocar-
bon groups), but i1s preferably a hydrocarbon group. Further,
the “hydrocarbon group™ may be either saturated or unsatur-
ated, but 1s preferably saturated.

Examples of aliphatic branched, acid dissociable, dissolu-
tion inhibiting groups include tertiary alkyl groups of 4 to 8
carbon atoms, and specific examples thereof include a tert-
butyl group, a tert-pentyl group and a tert-heptyl group, and a
tert-butyl group 1s particularly desirable.

The term “aliphatic cyclic group” refers to a monocyclic
group or polycyclic group that has no aromaticity.

The “aliphatic cyclic group” within the structural unit (al)
preferably has 4 to 20 carbon atoms, and may or may not have
a substituent. Examples of substituents include lower alkyl
groups of 1 to 5 carbon atoms, a fluorine atom, fluorinated
lower alkyl groups of 1 to 5 carbon atoms, and an oxygen
atom (—0).

The basic ring of the “aliphatic cyclic group” exclusive of
substituents 1s not limited to be constituted from only carbon
and hydrogen (not limited to hydrocarbon groups), but is
preferably a hydrocarbon group. Further, the “hydrocarbon
group”’ may be eirther saturated or unsaturated, but 1s prefer-
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ably saturated. Furthermore, the “aliphatic cyclic group” 1s
preferably a polycyclic group.

As such aliphatic cyclic groups, groups 1n which one or
more hydrogen atoms have been removed from a monocy-
cloalkane or a polycycloalkane such as a bicycloalkane, tri-
cycloalkane or tetracycloalkane which may or may not be
substituted with a lower alkyl group, a fluorine atom or a
fluorinated alkyl group, may be exemplified. Specific
examples include groups 1n which one or more hydrogen
atoms have been removed from a monocycloalkane such as
cyclopentane and cyclohexane; and groups 1n which one or
more hydrogen atoms have been removed from a polycycloal-
kane such as adamantane, norbornane, 1sobornane, tricyclo-
decane or tetracyclododecane.

As the aliphatic cyclic group-containing acid dissociable,
dissolution inhibiting group, for example, a group which has
a tertiary carbon atom on the ring structure of the cyclic alkyl
group can be mentioned. Specific examples include a 2-me-
thyl-2-adamantyl group and a 2-ethyl-2-adamantyl group.
Alternatively, groups having an aliphatic cyclic group such as
an adamantyl group, and a branched alkylene group having a
tertiary carbon atom bonded thereto, as 1n the group bonded to
the oxygen atom of the carbonyloxy group (—C(O)—0O—)1n
the structural units represented by general formula (al")
shown below, may also be used.

|Chemical Formula 5]

(al”)

Rlﬁ

wherein R represents a hydrogen atom, a halogen atom, a
lower alkyl group or a halogenated lower alkyl group; and R*>
and R'° each independently represents an alkyl group (which
may be linear or branched, and preferably has 1 to 5 carbon
atoms).

With respect to the structural unit represented by formula
(al"), examples of the halogen atoms for R (namely, the
substituent at the a.-position) include a fluorine atom, a chlo-
rine atom, a bromine atom and an 10dine atom. Examples of
the lower alkyl group for R include linear or branched lower
alkyl groups such as a methyl group, an ethyl group, a propyl
group, an i1sopropyl group, an n-butyl group, an i1sobutyl
group, a tert-butyl group, a pentyl group, an 1sopentyl group
and a neopentyl group.

Examples of the halogenated lower alkyl group for R
include groups in which a part or all of the hydrogen atoms of
the aforementioned lower alkyl group have been substituted
with halogen atoms. Examples of the halogen atom include a
fluorine atom, a chlorine atom, a bromine atom and an 10dine
atom. R 1s preferably a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group, more preferably a hydrogen
atom, a lower alkyl group or a fluorinated lower alkyl group.
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In terms of industrial availability, a hydrogen atom, a methyl
group or a trifluoromethyl group 1s still more preferable, and
a hydrogen atom or a methyl group is particularly desirable.

An “acetal-type acid dissociable, dissolution inhibiting
group’’ generally substitutes a hydrogen atom at the terminal
of an alkali-soluble group such as a carboxyl group or
hydroxyl group, so as to be bonded with an oxygen atom.
When acid 1s generated upon exposure, the generated acid
acts to break the bond between the acetal-type acid disso-
ciable, dissolution inhibiting group and the oxygen atom to
which the acetal-type, acid dissociable, dissolution inhibiting
group 1s bonded.

Examples of the acetal-type acid dissociable, dissolution
inhibiting groups include groups represented by general for-
mula (pl) shown below.

|Chemuical Formula 6]

(pl)
R

—(lj—o—eCHﬁH—Y

R?’

wherein R' and R* each independently represents a hydro-
gen atom or a lower alkyl group; n represents an integer of 0
to 3; and Y represents a lower alkyl group or an aliphatic
cyclic group.

In general formula (p1) above, n 1s preferably an integer of
0 to 2, more preferably 0 or 1, and most preferably O.

As the lower alkyl group for R' and R*, the same as the
lower alkyl groups for R 1n the formula (al") above can be
used. As the lower alkyl group for R' and R*, a methyl group
or an ethyl group 1s preferable, and a methyl group 1s particu-
larly desirable.

In the present invention, 1t 1s preferable that at least one of
R' and R* be ahydrogen atom. That is, it is preferable that the
acid dissociable, dissolution inhibiting group (p1) 1s a group
represented by general formula (p1-1) shown below.

|Chemuical Formula 7|

| (p1-1)
Rl

—C—O0—tCHy¥,—Y

wherein R', n and Y are as defined above for R, n and Y,

respectively, in the aforementioned formula (al™).

As the lower alkyl group for Y, the same as the lower alkyl
groups for R in the formula (al") above can be used.

As the aliphatic cyclic group for Y, any of the aliphatic
monocyclic or polycyclic groups which have been proposed
for conventional ArF resists and the like can be appropnately
selected for use. For example, the same groups as those
described above in connection with the ““aliphatic cyclic
group”’ can be mentioned.

Further, as the acetal-type, acid dissociable, dissolution
inhibiting group, groups represented by general formula (p2)
shown below can also be mentioned.
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|Chemical Formula 8]

(p2)

wherein R'” and R'® each independently represents a linear or
branched alkyl group or a hydrogen atom; and R'” represents
a linear, branched or cyclic alkyl group; or R'” and R'” each
independently represents a linear or branched alkylene group,
wherein the terminal of R'” is bonded to the terminal of R*” to
form a ring.

The alkyl group for R'” and R'® preferably has 1 to 15
carbon atoms, and may be either linear or branched. As the
alkyl group, an ethyl group or a methyl group is preferable,
and a methyl group 1s most preferable.

It is preferable that both of R' " and R'® be hydrogen atoms,
or, either one of R'” and R'® be a hydrogen atom and the other
be a methyl group. It is particularly desirable that both of R"’
and R'® be hydrogen atoms.

R' represents a linear, branched or cyclic alkyl group
which preferably has 1 to 15 carbon atoms, and may be any of
linear, branched or cyclic.

When R'” represents a linear or branched alkyl group, it is
preferably an alkyl group of 1 to 5 carbon atoms, more pret-
erably an ethyl group or a methyl group, and most preferably
an ethyl group.

When R'” represents a cyclic alkyl group, it preferably has
4 to 15 carbon atoms, more preferably 4 to 12 carbon atoms,
and most preferably 5 to 10 carbon atoms. Examples thereof
include groups 1n which one or more hydrogen atoms have
been removed from a monocycloalkane or a polycycloalkane
such as a bicycloalkane, tricycloalkane or tetracycloalkane,
and which may or may not be substituted with a fluorine atom
or a fluorinated alkyl group. Specific examples include
groups 1n which one or more hydrogen atoms have been
removed from a monocycloalkane such as cyclopentane or
cyclohexane, and groups in which one or more hydrogen
atoms have been removed from a polycycloalkane such as
adamantane, norbornane, 1sobornane, tricyclodecane or tet-
racyclododecane. Of these, a group in which one or more
hydrogen atoms have been removed from adamantane 1s pret-
crable.

In general formula (p2) above, R'” and R'” may each inde-
pendently represent a linear or branched alkylene group
(preferably an alkylene group of 1 to 5 carbon atoms), and the
terminal of R'® may be bonded to the terminal of R'”.

In such a case, a cyclic group is formed by R'’, R"?, the
oxygen atom having R'” bonded thereto and the carbon atom
having the oxygen atom and R'’ bonded thereto. Such a
cyclic group is preferably a 4- to 7-membered ring, and more
preferably a 4- to 6-membered ring. Specific examples of the
cyclic group include a tetrahydropyranyl group and a tetrahy-
drofuranyl group.

As the structural unit (al), 1t 1s preferable to use at least one

member selected from the group consisting of structural units
represented by general formula (al-0-1) shown below and
structural units represented by general formula (al-0-2)
shown below.
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|Chemuical Formula 9|
(al-0-1)
R
/Q c /)/
C
D
O—0C
\O
|
Xl

wherein R represents a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group; and X' represents an acid
dissociable, dissolution inhibiting group.

|Chemical Formula 10]

(a1-0-2)

wherein R represents a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group; X~ represents an acid dis-
sociable, dissolution inhibiting group; and Y~ represents an
alkylene group or an aliphatic cyclic group.

In general formula (al-0-1), the lower alkyl group and
halogenated lower alkyl group for R are the same as the lower

alkyl group and halogenated lower alkyl group which may be
bonded to the a.-position of the aforementioned acrylate ester.
Specific examples of the lower alkyl group with respect to the
above lower alkyl group and halogenated lower alkyl group
include linear or branched lower alkyl groups such as a
methyl group, an ethyl group, a propyl group, an 1sopropyl
group, an n-butyl group, an 1sobutyl group, a tert-butyl group,
a pentyl group, an 1sopentyl group and a neopentyl group.

X' is not particularly limited as long as it is an acid disso-
ciable, dissolution inhibiting group. Examples thereof
include the aforementioned tertiary alkyl ester-type acid dis-
sociable, dissolution mnhibiting groups and acetal-type acid
dissociable, dissolution inhibiting groups.

In general formula (al-0-2), R 1s as defined for R 1n general
formula (al-0-1) above.

X* is the same as X' in general formula (al-0-1).

Y~ is preferably an alkylene group of 1 to 4 carbon atoms or
a divalent aliphatic cyclic group. As the aliphatic cyclic
group, the same groups as those exemplified above 1n con-
nection with the explanation of the “aliphatic cyclic group™
can be used, with the exception that two hydrogen atoms have
been removed therefrom.

Specific examples of the structural unit (al) include struc-
tural units represented by general formulas (al-1) to (al-4)
shown below.



US 8,021,824 B2

15
|Chemical Formula 11|
(al-1)
C
()=
HH“C)
.
(al-2)
g
C
O=—=C
I
RI'—C—R?
/
O
X
/C_Hi
Y
(al-3)
()
C
(O
\
|
O—C
\
O
/
Xn’
(al-4)
()
C
O—C
\
|
()—=
\
i
RI'—(C—R?
/
O
X~

wherein X' represents a tertiary alkyl ester-type acid disso-
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is as defined above; and each of R' and R* independently
represents a hydrogen atom or a lower alkyl group of 1 to 5
carbon atoms.

It is preferable that at least one of R* and R” represent a
hydrogen atom, and it is more preferable that both of R' and
R” represent a hydrogen atom. n is preferably 0 or 1.

Examples of the tertiary alkyl ester-type acid dissociable,
dissolution inhibiting group for X' are the same as the above-
exemplified tertiary alkyl ester-type acid dissociable, disso-
lution inhibiting groups for X".

Examples of the aliphatic cyclic group forY are the same as
those exemplified above 1n connection with the explanation
of “aliphatic cyclic group™.

Specific examples of structural units represented by the

above-mentioned general formulas (al-1)to (al-4) are shown
below.

|Chemuical Formula 12]
(al-1-1)
R
— ¢ CH—C5)
O
CHs
(ji;;q;iizzg;;l
(al-1-2)
—CH,—CH
O
CHs
O
l
(al-1-3)
P
— ¢ CH—C9
O
\ CHs
():;;f;?j;;;;;l
(al-1-4)
I
—CCH——Co—

O
\  CHx(CH;)»CH;3

G
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In the polymer compound (A1), as the structural unit (al),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1n combination.

Among these, structural units represented by general for-
mula (al-1) are preferable. More specifically, at least one
structural unit selected from the group consisting of structural
units represented by formulas (al-1-1) to (a-1-6) and (al-1-
35)to (al-1-41) 1s more preferable.

Further, as the structural unit (al), structural units repre-
sented by general formula (al-1-01) shown below, which
includes the structural units represented by formulas (al-1-1)
to (al-1-4), and structural units represented by general for-
mula (al-1-02) shown below, which includes the structural
units represented by formulas (al-1-35) to (al-1-41), are also
preferable.
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|Chemical Formula 23]

(al-1-01)

wherein R represents a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group; and R'" represents a lower

alkyl group.

|Chemical Formula 24|
(al-1-02)

\
C=0
O
R12
(CHo)p

wherein R represents a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group; R'“ represents a lower alkyl
group; and h represents an 1iteger of 1 to 3.

In general formula (al-1-01), R 1s as defined for R 1n
general formula (al-0-1) shown above. The lower alkyl group
for R'' is the same as the lower alkyl group for R above, and
1s preferably a methyl group or an ethyl group.

In general formula (al-1-02), R 1s as defined for R 1n
general formula (al-0-1) shown above. The lower alkyl group
for R~ is the same as the lower alkyl group for R above. R**
1s preferably a methyl group or an ethyl group, and most
preferably an ethyl group. h 1s preferably 1 or 2, and most
preferably 2.

In the polymer compound (A1), the amount of the struc-
tural unit (al) based on the combined total of all structural
units constituting the polymer compound (A1) 1s preferably 5
to 70 mol %, more preferably 20 to 70 mol %, and still more
preferably 25 to 55 mol %. By making the amount of the
structural umit (al) at least as large as the lower limit of the
above-mentioned range, a pattern can be easily formed using
a resist composition prepared from the polymer compound
(A1). On the other hand, by making the amount of the struc-
tural unit (al) no more than the upper limit of the above-
mentioned range, a good balance can be achieved with the
other structural units.

Structural Unait (a2)

In the present invention, 1n addition to the structural unit
(a0), or 1n addition to the structural units (a0) and (al), the
polymer compound (A1) may further include a structural unit
(a2) dertved from an acrylate ester containing a lactone-con-
taining cyclic group.

The term “lactone-contaiming cyclic group” refers to a
cyclic group including one ring containing a —O—C(O)—
structure (lactone ring). The term “lactone ring” refers to a
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single ring containing a —O—C(O)— structure, and this ring
1s counted as the first ring. A lactone-containing cyclic group
in which the only ring structure 1s the lactone ring is referred
to as a monocyclic group, and groups containing other ring
structures are described as polycyclic groups regardless of the
structure of the other rings.

When the polymer compound (A1) 1s used for forming a
resist film, the lactone-containing cyclic group of the struc-
tural unit (a2) 1s etlective 1n improving the adhesion between
the resist film and the substrate, and increasing the compat-
ibility with an alkali developing solution containing water.

As the structural unit (a2), there 1s no particular limitation,
and an arbitrary structural umit may be used.

Specific examples of lactone-containing monocyclic
groups include groups 1n which one hydrogen atom has been
removed from v-butyrolactone. Further, specific examples of
lactone-containing polycyclic groups include groups 1n
which one hydrogen atom has been removed from a lactone
ring-containing bicycloalkane, tricycloalkane or tetracy-
cloalkane.

More specifically, examples of the structural umt (a2)
include structural units represented by general formulas (a2-

1) to (a2-5) shown below.

|Chemical Formula 25]
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(a2-2)

(a2-3)
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wherein R represents a hydrogen atom, a lower alkyl group or
a halogenated lower alkyl group; R' represents a hydrogen
atom, a lower alkyl group or an alkoxy group of 1 to 5 carbon
atoms; m represents an mteger of O or 1; and A represents an
alkylene group of 1 to 5 carbon atoms or an oxygen atom.

In general formulas (a2-1) to (a2-3), R 1s the same as R 1n
the structural unit (al).

The lower alkyl group for R' 1s the same as the lower alkyl
group for R 1n general formula (al-0-1) shown above.

Specific examples of alkylene groups of 1 to 5 carbon
atoms for A 1include a methylene group, an ethylene group, an
n-propylene group and an 1sopropylene group.

In the structural units represented by general formulas
(a2-1) to (a2-5), 1n consideration of industrial availability, R’
1s preferably a hydrogen atom.

Specific examples of structural units represented by gen-
eral formulas (a2-1) to (a2-35) above are shown below.

|Chemical Formula 26]
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Of'these, at least one structural unit selected from the group
consisting of structural units represented by formulas (a2-1)
to (a2-5) 1s preferable, and at least one structural unit selected
from the group consisting of structural units represented by
formulas (a2-1) to (a2-3) 1s more preferable. Specifically, 1t 1s
preferable to use at least one structural unit selected from the
group consisting of structural units represented by formulas
(a2-1-1), (a2-1-2), (a2-2-1), (a2-2-2), (a2-3-1), (a2-3-2), (a2-
3-9) and (a2-3-10).

In the polymer compound (A1), as the structural unit (a2),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1n combination.

The proportion of the structural unit (a2) within the poly-
mer compound (Al), relative to the combined total of all the
structural units that constitute the polymer compound (A1), 1s

preferably within arange from 1 to 60 mol %, more preferably
from 10 to 55 mol %, and still more preferably from 20 to 55
mol %. By making the amount of the structural unit (a2) at
least as large as the lower limit of the above-mentioned range,
the effect of using the structural unit (a2) can be satisfactorily
achieved. On the other hand, by making the amount of the
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structural unit (a2) no more than the upper limit of the above-
mentioned range, a good balance can be achieved with the
other structural units.

Structural Unait (a3)

It 1s preferable that the polymer compound (Al) further
include a structural unit (a3) that i1s outside the definition of
the structural unit (a0), and 1s derived from an acrylate ester
that contains a polar group-containing aliphatic hydrocarbon

group.
By including the structural unit (a3), the hydrophilicity of
the polymer compound (Al) 1s improved, and hence, the

compatibility of the polymer compound (A1) with the devel-
oping solution (alkali aqueous solution) 1s improved 1n those
cases where a positive resist pattern 1s formed using the poly-

mer compound (A1) as the resin component (A) of the posi-
tive resist composition, resulting in improved solubility of the
exposed portions in the alkali developing solution, which
contributes to a favorable improvement in the resolution.
Furthermore, 1n those cases where a negative resist pattern 1s
formed using the polymer compound (A1) as the resin com-
ponent (A) of the negative resist composition, then as
described below 1n relation to structural units (a'3) and (a"3),
including the structural unit (a3) contributes to improvements
in the crosslinking reactivity and the residual film properties.

Examples of the polar group include a hydroxyl group, a
cyano group, a carboxyl group, or a hydroxyalkyl group 1n
which a part of the hydrogen atoms of the alkyl group have
been substituted with fluorine atoms, although a hydroxyl
group 1s particularly desirable.

Examples of the aliphatic hydrocarbon group include lin-
ear or branched hydrocarbon groups (and preferably alkylene
groups) of 1 to 10 carbon atoms, and monocyclic aliphatic
hydrocarbon groups or polycyclic aliphatic hydrocarbon
groups (polycyclic groups). These polycyclic groups can be
selected appropriately from the multitude of groups that have
been proposed for the resins of resist compositions designed
for use with ArF excimer lasers. The polycyclic group pret-
erably has 5 to 30 carbon atoms.

Of the various possibilities, structural units dertved from an
acrylate ester that include an aliphatic polycyclic group that
contains a hydroxyl group, a cyano group, a carboxyl group or
a hydroxyalkyl group 1n which a part of the hydrogen atoms
of the alkyl group have been substituted with fluorine atoms
are particularly desirable. Examples of the polycyclic groups
include groups 1n which two or more hydrogen atoms have
been removed from a bicycloalkane, tricycloalkane, tetracy-
cloalkane or the like. Specific examples include groups 1n
which two or more hydrogen atoms have been removed from
a polycycloalkane such as adamantane, norbornane, 1sobor-
nane, tricyclodecane or tetracyclododecane. Of these polycy-
clic groups, groups 1n which two or more hydrogen atoms
have been removed from adamantane, norbornane or tetracy-
clododecane are preferred industrially.

When the aliphatic hydrocarbon group within the polar
group-containing aliphatic hydrocarbon group 1s a linear or
branched hydrocarbon group of 1 to 10 carbon atoms, the
structural unit (a3) i1s preferably a structural unit derived from
a hydroxyethyl ester of acrylic acid. On the other hand, when
the hydrocarbon group 1s a polycyclic group, structural units
represented by formulas (a3-1), (a3-2), and (a3-3) shown
below are preferable.
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|Chemical Formula 31|

Jrns
N
C

25

(a3-1)

O

- (OH);

\

(a-3-2)

(a3-3)

wherein R 1s as defined above for R 1n the atorementioned
general formula (al-0-1); j 1s an integer of 1 to 3; k 1s an
integer of 1 to 3; t' 1s an integer o 1 to 3; 1 1s an mteger of 1
to 5; and s 1s an 1integer of 1 to 3.

In formula (a3-1), 1 1s preferably 1 or 2, and more prefer-
ably 1. Whenj1s 2, it 1s preferable that the hydroxyl groups be
bonded to the 3rd and 3th positions of the adamantyl group.
When j1s 1, 1t 1s preferable that the hydroxyl group be bonded
to the 3rd position of the adamantyl group. 1 1s preferably 1,
and it 1s particularly desirable that the hydroxyl group be
bonded to the 3rd position of the adamantyl group.

In formula (a3-2), k 1s preferably 1. The cyano group 1s
preferably bonded to the 5th or 6th position of the norbonyl
group.

In formula (a3-3), t' 1s preferably 1, 1 1s preferably 1 and s
1s preferably 1. Further, in formula (a3-3), 1t 1s preferable that
a 2-norbonyl group or 3-norbonyl group be bonded to the
terminal of the carboxyl group of the acrylic acid. The fluori-
nated alkyl alcohol 1s preferably bonded to the 5th or 6th
position of the norbonyl group.

In the polymer compound (A1), as the structural unit (a3),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1n combination.

In those cases where the polymer compound (Al)1s used in
a positive resist composition, 1n the polymer compound (A1),
the amount of the structural unit (a3) based on the combined
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total of all structural units constituting the polymer com-
pound (A1) 1s preferably S to 50 mol %, more preferably 5 to
40 mol %, and still more preferably 5 to 25 mol %.

In those cases where the polymer compound (Al) 1s used in
anegative resist composition, in the polymer compound (A1),
the amount of the structural umit (a3) based on the combined
total of all structural umts constituting the polymer com-
pound (A1) 1s preferably 5 to 80 mol %, more preferably 10 to
70 mol %, and still more preferably 20 to 65 mol %.

In those cases where the polymer compound (A1) 1s used in
a negative resist composition, i1t 1s more preferable that the
structural unit (a3) be a “structural unit (a'3) dertved from an
acrylate ester containing a hydroxyl group-containing ali-
phatic cyclic group”, and/or a “structural unit (a"3) derived
from an acrylic acid that has no cyclic structure and has an
alcoholic hydroxyl group on a side chain™.

Structural Unait (a'3)

The structural unit (a'3) 1s a structural unit derived from an
acrylate ester containing a hydroxyl group-containing ali-
phatic cyclic group.

When the polymer compound (A1) that includes the struc-
tural unit (a'3) 1s blended into a negative resist composition,
the hydroxyl group (the alcoholic hydroxyl group) of this
structural unit (a'3) reacts with a cross-linking agent (C)
under the action of the acid generated from the acid-generator
component (B), and this reaction causes the polymer com-
pound (A1) to change from a state that 1s soluble 1n an alkali
developing solution to a state that 1s insoluble.

The expression “hydroxyl group-containing aliphatic
cyclic group” describes a group 1n which a hydroxyl group 1s
bonded to an aliphatic cyclic group. The hydroxyl group may
be bonded directly to an aliphatic ring, or may be bonded
indirectly as a hydroxyalkyl group.

The number of hydroxyl groups bonded to the aliphatic
cyclic group 1s preferably within a range from 1 to 3, and 1s
most preferably 1.

The aliphatic cyclic group may or may not have a substitu-
ent. Examples of substituents include a lower alkyl group of
1 to 5 carbon atoms, a fluorine atom, a fluorinated lower alkyl
group ol 1 to 5 carbon atoms which 1s substituted with a
fluorine atom, and an oxygen atom (—0O).

The aliphatic cyclic group includes both hydrocarbon
groups formed solely from carbon and hydrogen (alicyclic
groups), and heterocyclic groups in which a portion of the
carbon atoms that constitute the ring structure of an alicyclic
group have been substituted with a hetero atom such as an
oxygen atom, a nitrogen atom, or a sulfur atom. An alicyclic
group 1s preferred as the aliphatic cyclic group.

The aliphatic cyclic group may be erther saturated or unsat-
urated, although a saturated group 1s preferred, as such groups
exhibit superior transparency to ArF excimer lasers and the
like, and also exhibit excellent resolution and depth of focus
(DOF) and the like.

The aliphatic cyclic group may be either a monocyclic
group or a polycyclic group, but i1s preferably a polycyclic
group. Further, an alicyclic hydrocarbon group 1s preferred.
Furthermore, the group 1s preferably saturated. Moreover, the
number of carbon atoms within the aliphatic cyclic group 1s
preferably within a range from 5 to 30, and more preferably
within a range from 5 to 13.

Specific examples of the aliphatic cyclic group (prior to
bonding of the hydroxyl group) include the following.

Namely, examples of suitable monocyclic groups include
groups 1n which two or more hydrogen atoms, including
hydrogen atoms substituted with fluorinated hydroxyalkyl
groups (this also applies below), have been removed from a
monocycloalkane. Specific examples thereof include groups
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in which two ore more hydrogen atoms have been removed
from cyclopentane or cyclohexane, and groups 1n which two
hydrogen atoms have been removed from cyclohexane are
preferable.

Examples of polycyclic groups include groups in which
two or more hydrogen atoms have been removed from a
bicycloalkane, a tricycloalkane, a tetracycloalkane or the like.
Specific examples thereol include groups in which two or
more hydrogen atoms have been removed from a polycycloal-
kane such as adamantane, norbornane, 1sobornane, tricyclo-
decane or tetracyclododecane.

These types of polycyclic groups can be selected appropri-
ately from the multitude of groups proposed for forming acid
dissociable, dissolution inhibiting groups for use within res-
ins for positive resist compositions used within ArF excimer
laser processes.

Of the various possibilities, groups 1n which two hydrogen
atoms have been removed from cyclohexane, adamantane,
norbornane or tetracyclododecane are readily available
industnially, and are consequently preferred.

Of these monocyclic and polycyclic groups mentioned
above, a group in which two hydrogen atoms have been
removed from norbornane 1s particularly desirable.

As the aliphatic cyclic group of the structural unit (a'3), of
the various possibilities described above, a cyclohexyl group,
an adamantyl group, anorbornyl group, and a tetracyclodode-
canyl group are readily available industrially, and are conse-
quently preferred. Of these, a cyclohexyl group or an ada-
mantyl group 1s particularly preferred, and an adamantyl
group 1s the most desirable.

Besides the hydroxyl group, a linear or branched alkyl
group ol 1 to 4 carbon atoms may also be bonded to the
aliphatic cyclic group.

In the structural unit (a'3), the hydroxyl group-containing
aliphatic cyclic group 1s preferably bonded to the oxygen
atom at the terminal of the carbonyloxy group [—C(O)—
O—1] of the acrylate ester.

In such cases, 1n the structural unit (a'3), another substitu-
ent may be bonded to the a.-position (the a-position carbon
atom) of the acrylate ester instead of a hydrogen atom.
Examples of preferred substituents include a lower alkyl
group or a halogenated lower alkyl group. Of the various
groups that can be bonded to the a-position, a hydrogen atom
or a lower alkyl group 1s preferred, a hydrogen atom or a
methyl group 1s even more preferred, and a hydrogen atom 1s
the most desirable.

Specific examples of preferred structural units (a'3) include
structural units represented by general formula (a'3-1) shown
below.

|Chemical Formula 32|
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In the aforementioned general formula (a'3-1), R 1s as
defined for R 1n general formula (al-0-1) shown above.

R° represents an alkyl group having a hydroxyl group, or a
hydrogen atom.

The alkyl group for R° is preferably a linear or branched
alkyl group. Although there are no particular limitations on
the number of carbon atoms within the alkyl group, the num-
ber of carbon atoms 1s preferably within a range from 1 to 5,
more preferably from 1 to 4, and most preferably 2 or 3.

Although there are no particular limitations on the number
of hydroxyl groups within the “alkyl group having a hydroxyl
group’’, the number of hydroxyl groups 1s preferably within a
range from 1 to 4, more preferably from 1 to 3, and most
preferably 1 or 2. There are no particular limitations on the
bonding positions of hydroxyl groups, although the hydroxyl
groups are preferably bonded to the terminal of a main chain
or side chain of the alkyl group, and more preferably bonded
to the terminal of a main chain of the alkyl group. Although
the hydroxyl group may be a tertiary hydroxyl group, a group
that includes a secondary hydroxyl group 1s more preferable,
and a group containing a pnmary hydroxyl group bonded to
the terminal of an alkyl group 1s the most desirable.

In the present invention, R is preferably a hydroxyalkyl
group, a dihydroxyalkyl group or a hydrogen atom, and more
preferably a hydroxymethyl group, a hydroxyethyl group, a
hydroxypropyl group, a dihydroxypropyl group or a hydro-
gen atom.

In the polymer compound (A1), as the structural unmit (a'3),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1in combination.

The proportion of the structural unit (a'3) within the poly-
mer compound (Al), relative to the combined total of all the
structural units that constitute the polymer compound (Al), 1s
preferably within arange from 5 to 80 mol %, more preferably
from 10 to 70 mol %, and still more preferably from 20 to 65
mol %. Making this proportion at least as large as the lower
limit of the above-mentioned range ensures that the effects
obtained by including the structural unit (a'3) are achieved,
whereas by making the proportion no more than the upper
limit of the above-mentioned range, a good balance can be
achieved with the other structural units.

Structural Unit (a"3)

The structural unit (a"3) 1s a structural unit dertved from an
acrylic acid that has no cyclic structure and has an alcoholic
hydroxyl group on a side chain.

When the polymer compound (A1) that includes the struc-
tural unit (a"3) 1s blended 1nto a negative resist composition,
the alcoholic hydroxyl group of this structural unit (a"3)
reacts with a cross-linking agent (C) under the action of the
acid generated from the acid-generator component (B).
Accordingly, the polymer compound (Al) changes more
readily from a state that 1s soluble 1n an alkali developing
solution to a state that 1s insoluble, which has the effect of
improving the resolution. Further, thickness loss can also be
suppressed. Furthermore, the controllability of the cross-link-
ing reaction that occurs during pattern formation improves.
Moreover, the film density also tends to increase. As a result,
the heat resistance tends to improve. Moreover, the etching
resistance also improves.

The expression “has no cyclic structure” means that the
structural unit includes no aliphatic cyclic groups or aromatic
groups. The structural unit (a"3) 1s readily distinguishable
from the structural unit (a'3) as a result of having no cyclic
structure.

Examples of structural units that have an alcoholic
hydroxyl group on a side chain include structural units having
a hydroxyalkyl group.
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In the hydroxyalkyl group, the alkyl group 1s preferably a
linear or branched alkyl group. Although there are no particu-
lar limitations on the number of carbon atoms within the alkyl
group, the number of carbon atoms 1s preferably within a
range from 1 to 20, more preferably from 4 to 16, and most
preferably from 4 to 12. Although there are no particular
limitations on the number of hydroxyl groups, the number of
hydroxyl groups 1s preferably 1 or 2, and more preferably 1.

The hydroxyalkyl group may, for example, be bonded
directly to the a-position carbon atom of the main chain (the
portion formed by cleavage of the ethylenic double bond of
the acrvlic acid), or may form an ester group through substi-
tution of the hydrogen atom of the acrylic acid carboxyl
group. In the structural unit (a"3), the hydroxyalkyl group
preferably exists at either one, or both of these locations.

In those cases where the hydroxyalkyl group 1s not bonded
to the a-position, the hydrogen atom at the c-position carbon
atom may be replaced with an alkyl group or a halogenated
alkyl group. These groups are as described above 1n relation
to the group R within the atorementioned general formula
(al™).

As the structural unit (a"3), structural units represented by
general formula (a"3-1) shown below are preferred as such
structural units yield superior effects for the present inven-
tion.

|Chemical Formula 33|

(2"3-1)

wherein R® represents a hydrogen atom, an alkyl group, a
halogenated alkyl group or hydroxyalkyl group; and R” rep-
resents a hydrogen atom, an alkyl group or hydroxyalkyl
group, with the proviso that at least one of R® and R” is a
hydroxyalkyl group.

In the above formula (a"3-1), R® represents a hydrogen
atom, an alkyl group, a halogenated alkyl group or hydroxy-
alkyl group.

The hydroxyalkyl group for R® is preferably a hydroxy-
alkyl group of not more than 10 carbon atoms, 1s preferably a
linear or branched group, 1s more preferably a hydroxyalkyl
group of 2 to 8 carbon atoms, and 1s most preferably a
hydroxymethyl group or a hydroxyethyl group. There are no
particular limitations on the number of hydroxyl groups or the
bonding positions of those groups, although one hydroxyl
group 1s typical. Further, although the hydroxyl group may be
a tertiary hydroxyl group, a group that includes a secondary
hydroxyl group 1s more preferable, and a group containing a
primary hydroxyl group bonded to the terminal of an alkyl
group 1s the most desirable.

The alkyl group for R® is preferably an alkyl group of not
more than 10 carbon atoms, 1s more preferably an alkyl group
of 1 to 8 carbon atoms, and 1s most preferably an ethyl group
or a methyl group.

The halogenated alkyl group for R® is preferably a lower
alkyl group of not more than 5 carbon atoms (most preferably
an ethyl group or a methyl group) in which part or all of the
hydrogen atoms have been substituted with halogen atoms
(and preferably fluorine atoms).
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R” represents a hydrogen atom, an alkyl group or hydroxy-
alkyl group.

Examples of the alkyl group and hydroxyalkyl group for R”
include the same groups as the alkyl group and hydroxyalkyl
group for R®.

In the above general formula (a"3-1), at least one of R® and
R” is a hydroxyalkyl group.

Specific examples of the structural unit represented by the
aforementioned general formula (a"3-1) include structural
units derived from a-(hydroxyalkyl)acrylic acids (not includ-
ing structural units derived from acrylate esters), structural
units derived from alkyl a-(hydroxyalkyl) acrylate esters, and
structural units dertved from hydroxyalkyl (a-alkyl)acrylate
esters.

Of these, including a structural unit dertved from an alkyl
a-(hydroxyalkyl)acrylate ester as the structural unit (a"3) 1s
preferred 1n terms of enhancing the effects of the structural
unit (a3) described above and improving the film density. Of
the various possibilities, structural units derived from ethyl
a-(hydroxymethyl)acrylate or methyl a-(thydroxymethyl)
acrylate are particularly desirable.

Furthermore, including a structural unit derived from a
hydroxyalkyl (a-alkyl)acrylate ester as the structural umit
(a"3) 1s preferred 1n terms of improving the crosslinking
eificiency. Of such structural units, structural units derived
from hydroxyethyl (meth)acrylate or hydroxymethyl (meth)
acrylate are particularly desirable.

In the polymer compound (A1), as the structural unit (a"3),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1in combination.

The proportion of the structural umit (a"3) within the poly-
mer compound (Al), relative to the combined total of all the
structural units that constitute the polymer compound (Al), 1s
preferably within arange from 5 to 50 mol %, more preferably
from 35 to 40 mol %, still more preferably from 5 to 30 mol %,
and most preferably from 10 to 25 mol %. Making this pro-
portion at least as large as the lower limit of the above-
mentioned range ensures that the effects obtained by 1nclud-
ing the structural unit (a"3) are achieved, whereas by making
the proportion no more than the upper limit of the above-
mentioned range, a good balance can be achieved with the
other structural units.

Structural Unit (a4)

It 1s preferable that the polymer compound (Al) further
include a structural unit (a4) that i1s outside the definition of
the structural units (a0) to (a3), and 1s derived from an acrylate
ester that contains a non-acid-dissociable, aliphatic polycy-
clic group.

The expression “non-acid-dissociable” for the aliphatic
polycyclic group within the structural unit (a4) means that
even 1f the acid generated from the component (B) acts upon
the structural unit, the aliphatic polycyclic group does not
dissociate from the structural unait.

Examples of the aliphatic polycyclic group include the
same groups as those described above 1n connection with the
aforementioned structural unit (al), and any of the multitude
of conventional polycyclic groups used within the resin com-
ponent of resist compositions for ArF excimer lasers or KrF
excimer lasers (and particularly for ArF excimer lasers) can
be used.

In consideration of industrial availability and the like, at
least one polycyclic group selected from amongst a tricyclo-
decanyl group, adamantyl group, tetracyclododecanyl group,
1sobornyl group, and norbornyl group 1s particularly desir-
able. These polycyclic groups may be substituted with a lin-
car or branched alkyl group of 1 to 5 carbon atoms.
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Specific examples of the structural unit (a4) include struc-
tural units with structures represented by general formulas

(a-4-1) to (a-4-5) shown below.

|Chemical Formula 34|

/(gz /R
\C

(ad-1)
\O
Jrns
\C

|
C

oF

(a4-2)

0

7

=
07

(ad4-3)

H, R
ALY

(ad-4)

(a4-5)

wherein R 1s as defined above for R 1n the aforementioned
formula (al-0-1).

In the polymer compound (A1), as the structural unit (a4),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1n combination.

When the structural unit (a4) 1s included 1n the polymer
compound (A1), the amount of the structural unit (a4) within
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the polymer compound (A1), relative to the combined total of
all the structural units that constitute the polymer compound
(A1), 1s preferably within a range from 1 to 50 mol %, more

preferably from 5 to 45 mol %, and still more preferably from
10 to 45 mol %.

Structural Unit (a5)

The polymer compound (A1) may also include other struc-
tural units (a5) besides the atorementioned structural units
(a0) to (a4), as long as the inclusion of these other structural
units does not impair the effects of the present invention.

As the structural unit (aS), any other structural unit which
cannot be classified as one of the above structural units (a0) to
(a4) can be used without any particular limitations, and any of
the multitude of conventional structural units used within
resistresins for ArF excimer lasers or KrF excimer lasers (and
particularly for ArF excimer lasers) can be used.

In the polymer compound (A1), as the structural unit (a3),
one type of structural unit may be used alone, or two or more
types of structural units may be used 1n combination.

In the present invention, the polymer compound (Al) may
be a polymer composed solely of the structural unit (a0), but
1s preferably a copolymer having at least two types of struc-
tural units, including the structural units (a0) and (al); a
copolymer having at least two types of structural units,
including the structural units (a0) and (a2); a copolymer hav-
ing at least two types of structural units, including the struc-
tural units (a0) and (a3); a copolymer having at least three
types of structural units, including the structural unmts (a0),
(al) and (a2); a copolymer having at least three types of
structural units, including the structural unit (a0) and two
types of the structural unit (a3); a copolymer having at least
two types of structural units, including the structural units
(a0) and (a4); or a copolymer having at least three types of

structural units, including the structural umts (a0), (a3) and
(ad).

As the two types of the structural unit (a3) within the
copolymer having at least three types of structural units,

including the structural unit (a0) and two types of the struc-
tural unit (a3), for example, a combination of the structural
units (a'3) and (a"3), a combination of the structural unit
represented by formula (a3-1) and the structural unit (a'3), a
combination of the structural unmit represented by formula

(a3-1) and the structural unit (a"3), and the like can be men-
tioned.

In the polymer compound (Al) of the present invention,
preferred examples of the structural units include the follow-
ing: as the copolymer having at least two types of structural
units, including the structural units (a0) and (al), copolymers
(A1-11) having the structural umts represented by general
formula (A1-11) shown below and the like can be mentioned;

as the copolymer having at least two types of structural
units, including the structural units (a0) and (a2), copolymers
(A 1-12) having the structural units represented by general
formula (A1-12) shown below, copolymers (Al1-13) having
the structural units represented by general formula (A1-13)
shown below and the like can be mentioned;

as the copolymer having at least two types of structural
units, including the structural units (a0) and (a3), copolymers
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(A1-14) having the structural units represented by general
formula (A1-14) shown below, copolymers (Al-135) having
the structural units represented by general formula (Al1-15)
shown below and the like can be mentioned;

as the copolymer having at least three types of structural
units, including the structural units (a0), (al) and (a2),
copolymers (Al-16) having the structural units represented
by general formula (Al1-16) shown below, copolymers (Al-
1'7) having the structural units represented by general formula
(A1-17) shown below and the like can be mentioned;

as the copolymer having at least three types of structural
units, mncluding the structural unit (a0) and two types of the
structural unmit (a3), copolymers (A1-18) having the structural
units represented by general formula (A1-18) shown below,
copolymers (Al1-19) having the structural units represented
by general formula (A1-19) shown below and the like can be
mentioned;

as the copolymer having at least two types of structural
units, including the structural units (a0) and (a4), copolymers
(A1-20) having the structural units represented by general
tormula (A1-20) shown below and the like can be mentioned;
and

as the copolymer having at least three types of structural
units, including the structural units (a0), (a3) and (a4),
copolymers (Al-21) having the structural units represented
by general formula (A1-21) shown below and the like can be

mentioned.
H, R
C
O=—=C(
\

|Chemical Formula 35]
(Al-11)

wherein R', R*, R?, R* and R” are as defined above for R', R=,
R?, R* and R>, respectively, in the aforementioned formula

(a0-1); and R and X' are as defined above for R and X',
respectively, in the aforementioned formula (al-0-1).

L)
C
O=—=C

\

O
RZ R’

2\ &
O O)

|Chemical Formula 36]

L)
C
O=—=(C

\

(A1-12)
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wherein R', R*, R?, R* and R” are as defined above for R', R>,
R®, R* and R>, respectively, in the aforementioned formula
(a0-1); and R and R' are as defined above for R and R,
respectively, 1n the aforementioned formula (a2-1).

|Chemuical Formula 37|
(Al-13)

R! R
H, H,
C C
O=C O=(_
\ \
A v X
d
<
R’ R
S”/"O 0
o’f’ O
N—R?>
R4

wherein R, R*, R°, R* and R" are as defined above for R*, R~,
R>, R* and R>, respectively, in the aforementioned formula
(a0-1); and R, R' and A are as defined above for R, R' and A,

respectively, 1n the aforementioned formula (a2-2).

|Chemuical Formula 38|
(Al-14)

L)
/

O RZ O

O=—( () —

6
0 OR

wherein R', R*, R>, R* and R” are as defined above for R', R>,
R®, R* and R>, respectively, in the aforementioned formula
(a0-1); and R and R® are as defined above for R and R°®,
respectively, in the aforementioned formula (a'3-1).

|Chemuical Formula 39] (Al-15)

R! RS
H, H,
C C
O=C O=—C
\O \O
\ R2 i RQ‘
R3
N /’&O
o7 |
"
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wherein R', R*, R?, R* and R” are as defined above for R', R>,
R?, R* and R°, respectively, in the aforementioned formula

(a0-1); and R® and R” are as defined above for R® and R”,
respectively, 1n the aforementioned formula (a"3-1).

|Chemical Formula 40]
(Al-16)

O— O—
\ \
O n2 O
/\/\/ }lil
RB/\(
S/;’O
o7 \
N—R?
I,
H, R
C
O=—=C(C
\
O
R.’
/:\,.-—R’
O O)

wherein R', R*,R’, R* and R” are as defined above forR*, R>,
R®, R* and R”, respectively, in the aforementioned formula
(a0-1); R and X" are as defined above for R and X', respec-

tively, in the atorementioned formula (al-0-1); R and R' are as
defined above for R and R', respectively, 1in the aforemen-
tioned formula (a2-1); and the plurality of R may be the same

or different.
I, R
C
O=—C(
\

R? ?

Xl

|Chemical Formula 41 |

sz;)
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wherein R', R*, R?, R* and R” are as defined above for R', R>,
R®, R* and R, respectively, in the aforementioned formula
(a0-1); R and X' are as defined above for R and X', respec-
tively, in the aforementioned formula (al-0-1); R'and A are as
defined above for R' and A, respectively, 1in the aforemen-
tioned formula (a2-2); and the plurality of R may be the same
or different.

|Chemuical Formula 42|

(A1-18)

- (OH);

A

wherein R', R*, R?, R* and R” are as defined above for R', R>,
R®, R* and R°, respectively, in the aforementioned formula
(a0-1); R® and R” are as defined above for R® and R”, respec-
tively, in the aforementioned formula (a"3-1); and R and j are
as defined above for R and 1, respectively, in the aloremen-
tioned formula (a3-1).

|Chemuical Formula 43
(Al-19)

/(Hz R /(H2 I‘{/)(
C C
NG
o=c\ 0=(
O 2 O
\/\/ R
RS 6
—OR
O
f/S’//
0~ \
1
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-continued

i

O

N

- (OH);

A

wherein R', R*, R?, R* and R” are as defined above for R', R=,
R?, R* and R, respectively, in the aforementioned formula
(a0-1); R and j are as defined above for R and 1, respectively,
in the aforementioned formula (a3-1); R® is the “alkyl group
having a hydroxyl group” amongst those defined above for R®
in the aforementioned formula (a'3-1); and the plurality of R
may be the same or different.

|Chemical Formula 44|

H, R!
C

(A1-20)

/

i ‘
\C
O

RZ

S"(/O
Z\

wherein R', R*, R?, R* and R” are as defined above for R', R,

R>, R* and R>, respectively, in the aforementioned formula
(a0-1); and R 1s as defined above for R 1n the atorementioned

tormula (a-4-2).

|Chemical Formula 45|

(A1-21)

3
R O O Rﬁ
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-continued

JEQY)
C
\C

wherein R', R*, R°, R* and R” are as defined above for R*, R~,

R>, R* and R>, respectively, in the aforementioned formula
(a0-1); R°® is the “alkyl group having a hydroxyl group”
amongst those defined above for R° in the aforementioned
formula (a’3-1); R 1s as defined above for R 1n the aforemen-
tioned formula (a-4-2); and the plurality of R may be the same
or different.

In the polymer compound (Al) of the present invention,
more preferred examples of the structural units include the
following:

as a binary copolymer composed of the structural units (a0)
and (al), copolymers (Al-11') composed of two types of the
structural units represented by the aforementioned general
formula (A1-11) and the like can be mentioned;

as a binary copolymer composed of the structural units (a0)
and (a2), copolymers (Al-12') composed of two types of the
structural units represented by the atorementioned general
formula (Al1-12), copolymers (Al-13") composed of two
types of the structural units represented by the aforemen-
tioned general formula (Al-13) and the like can be men-
tioned;

as a binary copolymer composed of the structural units (a0)
and (a3), copolymers (Al-14') composed of two types of the
structural units represented by the atorementioned general
formula (Al1-14), copolymers (Al-15") composed of two
types of the structural units represented by the aforemen-
tioned general formula (Al-135) and the like can be men-
tioned;

as a ternary copolymer composed of the structural units
(a0), (al) and (a2), copolymers (Al-16") composed of three
types of the structural units represented by the aforemen-
tioned general formula (A1-16), copolymers (Al-17') com-
posed of three types of the structural units represented by the
alorementioned general formula (Al1-17) and the like can be
mentioned;

as a ternary copolymer composed of the structural unit (a0)
and two types of the structural unmit (a3), copolymers (A1-18')
composed of three types of the structural units represented by
the aforementioned general formula (Al1-18), copolymers
(A1-19") composed of three types of the structural units rep-
resented by the alorementioned general formula (A1-19) and
the like can be mentioned;

as a binary copolymer composed of the structural units (a0)
and (a4), copolymers (A1-20') composed of two types of the
structural units represented by the atorementioned general
formula (A 1-20) and the like can be mentioned; and

as a ternary copolymer composed of the structural units
(a0), (a3) and (a4), copolymers (Al-21') composed of three
types of the structural units represented by the aforemen-
tioned general formula (Al-21) and the like can be men-
tioned.

Amongst these polymer compounds (A1), a polymer com-
posed solely of the structural unit (a0); a copolymer having at
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least two types of structural units, including the structural
units (a0) and (a3); a copolymer having at least two types of
structural units, including the structural units (a0) and (a4); or
a copolymer having at least three types of structural unaits,
including the structural units (a0), (a3) and (a4) can be suit-
ably used as the resin component (A) of the negative resist
composition described later, among the resist compositions
of the present invention, by blending the cross-linking agent
(C).

In particular, the binary copolymer composed of the struc-
tural units (a0) and (a3), the ternary copolymer composed of
the structural unit (a0) and two types of the structural unait
(a3), the binary copolymer composed of the structural units
(a0) and (a4) and the ternary copolymer composed of the
structural units (a0), (a3) and (a4) can be suitably used as the
resin component (A) 1n the negative resist composition.

Further, a polymer composed solely of the structural unait
(a0), a copolymer having at least two types of structural unaits,
including the structural units (a0) and (al ); a copolymer hav-
ing at least two types of structural units, including the struc-
tural units (a0) and (a2); and a copolymer having at least three
types of structural units, including the structural units (a0),
(al) and (a2) can be suitably used as the resin component (A)
of the positive resist composition described later, among the
resist compositions of the present invention.

In particular, the polymer composed solely of the structural
unit (a0), the binary copolymer composed of the structural
units (a0) and (al), the binary copolymer composed of the
structural units (a0) and (a2) and the ternary copolymer com-
posed of the structural units (a0), (al ) and (a2) can be suitably
used as the resin component (A) 1n the positive resist compo-
s1tion.

With respect to the polymer compound (A1) of the present
invention, in those cases where both of R* and R> within the
structural unit (a0) represented by the alorementioned gen-
eral formula (a0-1) represent a hydrogen atom, among the
resist compositions of the present mnvention described later,
the polymer compound (A1) can be suitably used for both the
resin component (A) of the negative resist composition and
the resin component (A) of the positive resist composition;
whereas in those cases where either one of R* and R” repre-
sents an acid dissociable, dissolution inhibiting group, among
the resist compositions of the present mvention described
later, the polymer compound (A1) can be suitably used for the
resin component (A) of the positive resist composition.

Although there are no particular limitations on the weight
average molecular weight (Mw) of the polymer compound
(A1) (which 1s measured by gel permeation chromatography
and referenced against polystyrene standards), 1n those cases
where the polymer compound (A1) 1s used as the component
(A) 1 the negative resist composition described later, the
welght average molecular weight 1s preferably within a range
from 1,000 to 8,000, more pretferably from 2,000 to 7,000,
and most preferably from 2,500 to 6,500. Further, in those
cases where the polymer compound (A1) 1s used as the com-
ponent (A) in the positive resist composition described later,
the weight average molecular weight 1s preferably within a
range from 3,000 to 50,000, more preferably from 4,000 to
30,000, and most preferably from 4,000 to 20,000. By making
the weight average molecular weight no more than the upper
limit of these above-mentioned ranges, the polymer com-
pound (A1) exhibits satisfactory solubility 1n a resist solvent
when used as a resist. On the other hand, by making the
welght average molecular weight at least as large as the lower
limit of these above-mentioned ranges, the dry etching resis-
tance and cross-sectional shape of the resist pattern becomes
satisfactory.
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Further, the dispersity (Mw/Mn) 1s preferably within a
range from 1.0 to 5.0, more preferably from 1.0 to 4.0, and
most preferably from 1.2 to 3.8. Here, Mn 1s the number
average molecular weight.

|[Production of Polymer Compound (Al)]

The polymer compound (Al) can be obtamned, for
example, by conventional radical polymerization or the like
of the monomers corresponding with each of the structural
units, using a radical polymerization mitiator such as dim-
cthyl-2,2-azobis(2-methylpropionate) or azobisisobutyroni-
trile.

Furthermore, 1n the polymer compound (Al), by using a
chain transfer agent such as HS—CH,—CH,—CH,—C

(CF,),—OH, a —C(CF;),—OH group can be introduced at
the terminals of the polymer compound (A1l). Such a copoly-
mer having an introduced hydroxyalkyl group 1n which some
of the hydrogen atoms of an alkyl group have been substituted
with fluorine atoms 1s effective 1n reducing developing
defects and LER (line edge roughness: unevenness of the side
walls of a line pattern).

-

T'he polymer compound (Al) 1s a novel compound.

-

I'he monomer that yields the structural unit (a0) 1s a com-
pound represented by general formula (1) shown below (here-
after referred to as “compound (I)”).

|Chemuical Formula 46]
(1)

wherein R’ represents a hydrogen atom, an alkyl group of 1 to
S carbon atoms or a fluorinated alkyl group of 1 to 5 carbon
atoms; R* and R> each independently represents a hydrogen
atom, an alkyl group or an alkoxy group, or R* and R® may be
bonded together to form an alkylene group that may include
an oxygen atom or sulfur atom at an arbitrary position, —O—
or —S—; R and R” each independently represents a hydro-
gen atom, an alkyl group that may include an oxygen atom at
an arbitrary position, a cycloalkyl group that may include an
oxygen atom at an arbitrary position or an alkoxycarbonyl

group.
In formula (I), R', R, R>, R* and R” are as defined above

for R', R*,R°, R* and R, respectively, in the aforementioned
general formula (a0-1).

Although there are no particular limitations on the method
used for producing the compound (1), examples of preferred
methods include a method in which a sulfonamide derivative
represented by general formula (111) shown below 1s added to
a reaction system containing an dc.-substituted acrylic acid
represented by general formula (11) shown below, thus yield-
ing the compound (I) (production method A); and amethod 1n
which a sulfonamide derivative represented by general for-
mula (IIT) shown below 1s reacted with water 1n the presence
of an acid, followed an esterification with an o.-substituted
acrylic acid represented by general formula (1I), thus yielding
the compound (I) (production method B).
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|Chemical Formula 47|

(1)

OH

O

wherein R’ represents a hydrogen atom, an alkyl group of 1 to
S carbon atoms or a fluorinated alkyl group of 1 to 5 carbon

atoms.
In formula (I1), R’ is as defined above for R' in the afore-

mentioned general formula (a0-1).

|Chemical Formula 48|
(I11I)

RZ
O
V4
N
/ TN—RA
R3 O I
RS

wherein R* and R each independently represents a hydrogen
atom, an alkyl group or an alkoxy group, or R* and R> may be
bonded together to form an alkylene group that may include
an oxygen atom or sulfur atom at an arbitrary position, —O

or —S—; R* and R” each independently represents a hydro-
gen atom, an alkyl group that may include an oxygen atom at
an arbitrary position, a cycloalkyl group that may include an
oxygen atom at an arbitrary position or an alkoxycarbonyl
group.

In formula (II1), R*, R, R* and R” are as defined above for
R*, R>,R*andR>, respectively, in the aforementioned general
tormula (a0-1).

Of the above-mentioned production methods A and B, the
production method A will be described 1n more detail below.

The production method A 1s a method 1n which a sulfona-
mide dermvative represented by the above general formula
(I1I) 1s added to a reaction system containing an c.-substituted
acrylic acid represented by the above general formula (II),
thus yielding the compound (1).

In the production method A, an acid catalyst such as trif-
luoromethanesulionic acid can be used, and a polymerization
inhibitor such as hydroquinone and methoxyhydroquinone
may also be added to the reaction solution where approprate.

The production method A can be conducted either by add-
ing a solvent or without adding any solvent. There are no
particular limitations on the solvent used as long as 1t does not
inhibit the reaction, and, for example, aliphatic hydrocarbons
such as hexane, heptane and octane; aromatic hydrocarbons
such as benzene and toluene; and the like can be used.

The reaction temperature in the production method A may
differ, depending on the types of sulfonamide dertvative (111),
a.-substituted acrylic acid (II) and acid catalyst used, but 1s
typically within a range from 0° C. to 200° C., and preferably
from 50° C. to 100° C.

Generally, the reaction time in the production method A 1s
preferably within a range from 0.5 to 48 hours, and more
preferably within a range from 1 to 24 hours.

Isolation/purification of an a-substituted acrylate ester
derivative (1) from the reaction mixture obtained by the pro-
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duction method A or B can be conducted by the methods
generally used 1n the 1solation/purification of organic com-
pounds. For example, after the neutralization using an alkali,
the mixture 1s extracted with an organic solvent, and the
obtained extraction liquid 1s concentrated. Thereatter, by fur-
ther purifying the resultant through recrystallization, distilla-
tion, silica gel chromatography, and the like, an o.-substituted
acrylate ester dervative (I) of hugh purity can be obtained.
Furthermore, by repeating such purification processes, a
single diastereomer of high purity can be obtained.

The a-substituted acrylate ester derivative (1) obtained by
the production method A or B can be suitably used as a
material of polymer compounds for photoresists, even when
it 1s obtained as a single diastereomer or a mixture of diaste-
reomers.

Although stereoisomers (1.e., an exo-form and an endo-
form) of the sulfamoyl group 1n the sulfonamide derivative
(I11) that 1s used as a material are available, either form can be
suitably used in the production methods A and B, and the
sulfamoyl group consisting solely of either one form or com-
posed of a mixture of both forms can be used.

There are no particular limitations on the method for pro-
ducing the sulfonamide derivative (I111), and, for example, the
sulfonamide derivative (111) can be synthesized by treating the
norbornenesulfonyl chloride that 1s prepared from ethylene-
sulfonyl chloride and cyclopentadiene with ammonia (refer
to Journal of the American Chemical Society, Vol. 73, pp.
3258-3260).

The polymer compound (Al) can be used favorably for
preparing the resist composition according to the present
invention described below.

The polymer compound (Al) of the present mvention
exhibits the required level of alkali solubility needed for
cither a positive resist composition or a negative resist coms-
position. It 1s assumed that this 1s because the structural unit
(a0) of the polymer compound (A1) includes a structure rep-
resented by SO, N(R*R” at the side chain terminal.

Further, the polymer compound (A1) of the present inven-
tion exhibits excellent transparency to light having a wave-
length m the vicinity of 193 nm. It 1s thought that this 1s
because the cyclohexane ring and sulfonamide group (SO,N
group) of the structural unit (a0) are both structures of com-
paratively superior transparency.
<<Resist Composition>>

The resist composition of the present invention includes a
resin component (A) (herealter, referred to as “component
(A)”) having the aforementioned polymer compound (Al),
and an acid-generator component (B) (hereafter, referred to
as “component (B)”) that generates acid upon irradiation.
<Component (A)>

As the component (A), there 1s no particular limitation as
long as 1t 1s a resin component that includes the atforemen-
tioned polymer compound (Al). In those cases where the
component (A) 1s a resin component that 1s soluble in an alkali
developing solution, the resist composition of the present
invention 1s a negative resist composition. On the other hand,
in those cases where the component (A) 1s a resin component
that 1s 1nsoluble but may become soluble 1n an alkali devel-
oping solution, the resist composition of the present invention
1s a positive resist composition.

In those cases where the resist composition of the present
invention 1s a positive resist composition, 1t 1s preferable that
an acid dissociable, dissolution ihibiting group be included
within the component (A).

In the positive resist composition, the component (A) 1s
insoluble 1n an alkal1 developing solution prior to exposure,
and when the acid generated from the component (B) by
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exposure acts upon the component (A), the acid dissociable,
dissolution mhibiting group 1s dissociated. As a result, the
solubility of the entire component (A) in an alkali developing
solution increases, so that the entire component (A) changes
from an alkali-insoluble state to an alkali-soluble state.
Therefore, 1n the formation of a resist pattern, by conducting
selective exposure of a resist film formed by applying the
positive resist composition onto a substrate, the exposed por-
tions become alkali soluble, whereas the unexposed portions
remain alkali insoluble, and hence, a resist pattern can be
formed by alkali developing.

In those cases where the resist composition of the present
invention 1s a positive resist composition, 1 addition to the
polymer compound (Al), the component (A) may also
include another resin component that has an acid dissociable,
dissolution inhibiting group and exhibits increased solubility
in an alkali developing solution under the action of acid.

As the resin component, any of the resin components that
have been proposed as the base resins for chemically ampli-
fied positive resists can be used. Specific examples thereof
include resins having the alforementioned structural unit (al)
and may also include any of the aforementioned structural
units (a2) to (a5).

In those cases where the resist composition of the present
invention 1s a negative resist composition, the component (A)
1s soluble 1n an alkal1 developing solution prior to exposure.

In the negative resist composition, when selective exposure
1s conducted during formation of a resist pattern, the action of
the acid generated from the component (B) upon exposure
causes crosslinking between the component (A) that is
soluble 1n an alkal1 developing solution and the crosslinking
agent. As a result, the exposed portions become alkali
insoluble, whereas the unexposed portions remain alkali
soluble, and hence, a resist pattern can be formed by alkali
developing.

In those cases where the resist composition of the present
invention 1s a negative resist composition, 1 addition to the
polymer compound (A1) that 1s soluble 1n an alkal1 develop-
ing solution, the component (A) may also include another
resin that 1s soluble 1n an alkal1 developing solution (alkali-
soluble resin).

As the alkali-soluble resin, 1t 1s preferable to use a resin
having a structural unit derived from at least one of a.-(hy-
droxyalkylacrylic acid and a lower alkyl ester of o-(hy-
droxyalkyl)acrylic acid, as 1t enables formation of a satisfac-
tory resist pattern with minimal swelling. Here, the term
“o-(hydroxyalkylacrylic acid” refers to one or both of
acrylic acid in which a hydrogen atom 1s bonded to the carbon
atom on the a-position having the carboxyl group bonded
thereto, and a-hydroxyalkylacrylic acid in which a hydroxy-
alkyl group (preferably a hydroxyalkyl group of 1 to 5 carbon
atoms) 1s bonded to the carbon atom on the a-position.

In the component (A), the polymer compound (Al) may be
used as a single compound, or two or more compounds may
be used 1n combination.

The component (A) may include a resin that 1s different
from the polymer compound (Al), or may be composed
solely of the polymer compound (A1). In the component (A),
the proportion of the polymer compound (A1) is preferably at
least 50% by weight, more preferably within a range from 80
to 100% by weight, and 1s most preferably 100% by weight.

There are no particular limitations on the amount of the
component (A) within the resist composition, which may be
set appropriately 1n accordance with factors such as the
desired film thickness for the resist film being formed. Gen-
erally, as the concentration of the component (A) within the
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organic solvent solution of the resist composition 1s
increased, the film thickness of the formed resist film also
1ncreases.

<Component (B)>

The resist composition of the present invention includes an
acid-generator component (B) (hereafter, referred to as “com-
ponent (B)”) that generates acid upon irradiation.

As the component (B), there 1s no particular limitation, and
any of the known acid generators used in conventional chemi-
cally amplified resist compositions can be used. Examples of
these acid generators are numerous, and imclude onium salt-
based acid generators such as 10odonium salts and sulfonium
salts; oxime sulfonate-based acid generators; diazomethane-
based acid generators such as bisalkyl or bisaryl sulfonyl
diazomethanes and  poly(bis-sulfonyl)diazomethanes;
nitrobenzylsulfonate-based acid generators; iminosulfonate-
based acid generators; and disulfone-based acid generators.

As an onmium salt-based acid generator, a compound repre-
sented by general formula (b-0) shown below can be prefer-
ably used.

|Chemical Formula 49]
(b-0)

R52
/5
S (CHz)y

N

R53 —_— R54803-

wherein R>* represents a linear, branched or cyclic alkyl
group, or a linear, branched or cyclic fluorinated alkyl group:;
R>“ represents a hydrogen atom, a hydroxyl group, a halogen
atom, a linear or branched alkyl group, a linear or branched
halogenated alkyl group, or a linear or branched alkoxy
group; R°7 represents an aryl group which may have a sub-
stituent; and u" represents an integer of 1 to 3.

In general formula (b-0), R>* represents a linear, branched
or cyclic alkyl group, or a linear, branched or cyclic fluori-
nated alkyl group.

The linear or branched alkyl group preferably has 1 to 10
carbon atoms, more preferably 1 to 8 carbon atoms, and most
preferably 1 to 4 carbon atoms.

The cyclic alkyl group preferably has 4 to 12 carbon atoms,
more preferably 5 to 10 carbon atoms, and most preferably 6
to 10 carbon atoms.

The linear or branched fluormated alkyl group preferably
has 1 to 10 carbon atoms, more preferably 1 to 8 carbon
atoms, and most preferably 1 to 4 carbon atoms.

The cyclic fluormated alkyl group preferably has 4 to 12
carbon atoms, more preferably 5 to 10 carbon atoms, and
most preferably 6 to 10 carbon atoms.

Further, the fluorination ratio of the fluorinated alkyl group
(percentage of the number of fluorine atoms within the flu-
orinated alkyl group, based on the total number of fluorine
atoms and hydrogen atoms within the alkyl group) 1s prefer-
ably from 10 to 100%, more preferably from 50 to 100%, and
it 1s particularly desirable that all of the hydrogen atoms are
substituted with fluorine atoms, as the acid strength increases.

R>* is most preferably a linear alkyl group or a fluorinated
alkyl group.

R°* represents a hydrogen atom, a hydroxyl group, a halo-
gen atom, a linear or branched alkyl group, a linear or
branched halogenated alkyl group, or a linear or branched
alkoxy group.

Examples of the halogen atom for R>* include a fluorine
atom, a bromine atom, a chlorine atom and an 10dine atom,
and a fluorine atom 1s preferable.
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The alkyl group for R>* is linear or branched, and prefer-
ably has 1 to 5 carbon atoms, more preferably 1 to 4 carbon
atoms, and most preferably 1 to 3 carbon atoms.

The halogenated alkyl group for R>* is a group in which
some or all of the hydrogen atoms of the alkyl group have
been substituted with halogen atoms. As the alkyl group of the
halogenated alkyl group, the same as the alkyl group for R>*
may be exemplified. As the halogen atoms for substituting the
hydrogen atoms of the alkyl group, the same as the halogen
atom for R>* may be exemplified. In the halogenated alkyl
group, it 1s preferable that 50 to 100% of the hydrogen atoms
of the alkyl group be substituted with halogen atoms, and 1t 1s
more preferable that all of the hydrogen atoms are substituted
with halogen atoms.

The alkoxy group for R>* is linear or branched, and pref-
erably has 1 to 5 carbon atoms, more preferably 1 to 4 carbon
atoms, and most preferably 1 to 3 carbon atoms.

Among these, as R**, a hydrogen atom is particularly desir-
able.

R>” represents an aryl group which may have a substituent,
and examples of the basic ring excluding the substituent
include a naphthyl group, a phenyl group and an anthryl

group. In terms of the effects of the present invention and
absorption of exposure rays such as ArF excimer lasers, a
phenyl group 1s preferable.

Examples of the substituent include a hydroxyl group and
a lower alkyl group (linear or branched, and preferably has no

more than 5 carbon atoms, and a methyl group 1s particularly
desirable).

As the aryl group for R>°, those which do not have a
substituent are preferable.

u" 1s an iteger of 1 to 3, preferably 2 or 3, and 1t 1s
particularly desirable that u" be 3.

As preferable examples of acid generators represented by
general formula (b-0), the following can be exemplified.

|Chemuical formula 50]

asels
Q-0

O
w D

CF3S05-

CaFon03"
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-continued

) o

CHs,

As the acid generator represented by general formula (b-0),
one type of acid generator may be used alone, or two or more
types may be used in combination.

As an onmium salt-based acid generator other than those
represented by general formula (b-0), a compound repre-
sented by general formula (b-1) or (b-2) shown below can be
preferably used.

|Chemical Formula 51]

(b-1)

(b-2)

/1+ R¥'SO;5"
Rﬁ.’.’

wherein R to R, R and R® each independently repre-
sents an aryl group or alkyl group; and R* represents a linear,
branched or cyclic alkyl group or tluorinated alkyl group,
with the proviso that at least one of R* to R” represents an
aryl group, and at least one of R> and R® represents an aryl
group.

In formula (b-1), R" to R® " each independently represents
an aryl group or an alkyl group. Further, among R' to R*', at
least one group represents an aryl group. Among R" to R,
two or more groups are preferably aryl groups, and it 1s
particularly desirable that all of R' to R® " are aryl groups.

The aryl group for R to R>" is not particularly limited. For
example, an aryl group having 6 to 20 carbon atoms may be
used 1n which some or all of the hydrogen atoms of the aryl
group may or may not be substituted with alkyl groups,
alkoxy groups, or halogen atoms. The aryl group 1s preferably
an aryl group having 6 to 10 carbon atoms because it can be
synthesized at a low cost. Specific examples thereof include a
phenyl group and a naphthyl group.

The alkyl group, with which hydrogen atoms of the aryl
group may be substituted, 1s preferably an alkyl group having
1 to 5 carbon atoms, and most preferably a methyl group, an
cthyl group, a propyl group, an n-butyl group, or a tert-butyl
group.

The alkoxy group, with which hydrogen atoms of the aryl
group may be substituted, is preferably an alkoxy group hav-
ing 1 to 5 carbon atoms, and most preferably a methoxy group
or an ethoxy group.

The halogen atom, with which hydrogen atoms of the aryl
group may be substituted, is preferably a fluorine atom.

The alkyl group for R'" to R is not particularly limited
and includes, for example, a linear, branched or cyclic alkyl
group having 1 to 10 carbon atoms. In terms of achieving
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excellent resolution, the alkyl group preferably has 1 to 5
carbon atoms. Specific examples thereof include a methyl
group, an ethyl group, an n-propyl group, an i1sopropyl group,
an n-butyl group, an isobutyl group, an n-pentyl group, a
cyclopentyl group, ahexyl group, a cyclohexyl group, a nonyl
group, and a decanyl group, and a methyl group 1s most
preferable because it 1s excellent in resolution and can be
synthesized at a low cost.

It is particularly desirable that each of R' to R” " is a phenyl
group or a naphthyl group.

R* represents a linear, branched or cyclic alkyl group or a
fluorinated alkyl group.

The linear or branched alkyl group preferably has 1 to 10
carbon atoms, more preferably 1 to 8 carbon atoms, and most
preferably 1 to 4 carbon atoms.

The cyclic alkyl group 1s preferably a cyclic group, as
described for R, having 4 to 15 carbon atoms, more prefer-
ably 4 to 10 carbon atoms, and most preferably 6 to 10 carbon
atoms.

The fluorinated alkyl group preferably has 1 to 10 carbon
atoms, more preferably 1 to 8 carbon atoms, and most pret-
erably 1 to 4 carbon atoms. Further, the fluorination ratio of
the fluorinated alkyl group (percentage of fluorine atoms
within the alkyl group) 1s preferably from 10 to 100%, more
preferably from 50 to 100%, and 1t 1s particularly desirable
that all hydrogen atoms are substituted with fluorine atoms
because the acid strength increases.

R*" is most preferably a linear or cyclic alkyl group or a
fluorinated alkyl group.

In formula (b-2), R and R® each independently repre-
sents an aryl group or an alkyl group. At least one of R> and
R®" represents an aryl group. It is preferable that both of R>
and R°" represent an aryl group.

As the aryl group for R> and
groups for R' to R®" can be used.

As the alkyl group for R®>" and R®, the same as the alkyl
groups for R' to R can be used.

It is particularly desirable that both of R> and R® repre-
sents a phenyl group.

AsR* in formula (b-2), the same as those mentioned above
for R*" in formula (b-1) can be exemplified.

Specific examples of suitable ontum salt-based acid gen-
erators represented by formula (b-1) or (b-2) include diphe-
nyliodonium trifluoromethanesulfonate or nonatluorobu-
tanesulfonate; bis(4-tert-butylphenyl)iodonium
trifluoromethanesulfonate or nonafluorobutanesulfonate;
triphenylsulfonium trifluoromethanesulionate, heptatluoro-
propanesulionate or nonafluorobutanesulfonate; tri(4-meth-
ylphenyl)sulfonium trifluoromethanesulfonate, heptatluoro-
propanesulionate or nonatluorobutanesulionate; dimethyl(4-
hydroxynaphthyl)sulfonium trifluoromethanesulionate,
heptatluoropropanesulionate or nonafluorobutanesulionate;
monophenyldimethylsulfonium trifluoromethanesulfonate,
heptafluoropropanesulfonate or nonafluorobutanesulionate;
diphenylmonomethylsulfonium trifluoromethanesulionate,
heptafluoropropanesulfonate or nonafluorobutanesulionate;
(4-methylphenyl)diphenylsulfonium trifluoromethane-
sulfonate, heptatluoropropanesulionate or nonatluorobu-
tanesulfonate; (4-methoxyphenyl)diphenylsulfonium trifluo-
romethanesulionate, heptatluoropropanesulionate or
nonafluorobutanesulionate; tri(4-tert-butyl )phenylsulfonium
tritfluoromethanesulionate, heptafluoropropanesulionate or
nonafluorobutanesulionate; diphenyl(1-(4-methoxy naph-
thyl)sulfonium trifluoromethanesulionate, heptatluoropro-
panesulfonate or nonafluorobutanesulionate; and di(1-naph-
thyl)phenylsulfonium trifluoromethanesulionate,
heptatluoropropanesulionate or nonatluorobutanesulfonate.

R®", the same as the aryl
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It 1s also possible to use onium salts 1n which the anion moiety
of these ontum salts has been replaced by methanesulionate,
n-propanesulionate, n-butanesulfonate, or n-octanesulfonate.

Further, ontum salt-based acid generators in which the
anion moiety 1n general formula (b-1) or (b-2) 1s replaced by
an anion moiety represented by general formula (b-3) or (b-4)
shown below (the cation moiety 1s the same as (b-1) or (b-2))
may also be used.

|Chemuical Formula 52|

(b-3)
802 ’_\
/
‘N X"
\ J
SO,
(b-4)
0,S—Y"
/
‘N
0,S— 7"

wherein X" represents an alkylene group of 2 to 6 carbon
atoms 1n which at least one hydrogen atom has been substi-
tuted with a fluorine atom; and Y" and Z" each independently
represents an alkyl group of 1 to 10 carbon atoms 1n which at
least one hydrogen atom has been substituted with a fluorine
atom.

X" represents a linear or branched alkylene group in which
at least one hydrogen atom has been substituted with a fluo-
rine atom, and the allylene group has 2 to 6 carbon atoms,
preferably 3 to 5 carbon atoms, and most preterably 3 carbon
atoms.

Y" and Z" each independently represents a linear or
branched alkyl group 1n which atleast one hydrogen atom has
been substituted with a fluorine atom, and the alkyl group has
1 to 10 carbon atoms, preferably 1 to 7 carbon atoms, and
more preferably 1 to 3 carbon atoms.

The smaller the number of carbon atoms of the alkylene
group for X" or those of the alkyl group for Y" and Z" within
the above-mentioned range of the number of carbon atoms,
the more preferable since the solubility 1n a resist solvent 1s
improved.

Further, 1n the alkylene group for X" or the alkyl group for
Y"and Z", 1t 1s preferable that the number of hydrogen atoms
substituted with fluorine atoms 1s as large as possible because
the acid strength increases and the transparency to high
energy radiation of 200 nm or less or an electron beam 1s
improved. The percentage of the fluorine atoms within the
alkylene group or alkyl group, 1.¢., the fluorination ratio 1s
preferably from 70 to 100%, more preferably from 90 to
100%, and it 1s particularly desirable that the alkylene group
or alkyl group be a perfluoroalkylene or pertluoroalkyl group
in which all hydrogen atoms are substituted with fluorine
atoms.

In the present description, an oximesulfonate-based acid
generator 1s a compound having at least one group repre-
sented by general formula (B-1) shown below, and has a
feature of generating acid by irradiation. Such oxime-
sulfonate-based acid generators are widely used for a chemi-
cally amplified resist composition, and can be appropnately
selected.
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|Chemical Formula 53]

(B-1)
—(|2=N—o—soz—R31

R32

wherein R°' and R’® each independently represents an
organic group.

The organic group for R*! and R>? refers to a group con-
taining a carbon atom, and may include atoms other than
carbon atoms (e.g., a hydrogen atom, an oxygen atom, a
nitrogen atom, a sulfur atom, a halogen atom (such as a
fluorine atom and a chlorine atom) and the like).

As the organic group for R*', a linear, branched, or cyclic

alkyl group or aryl group 1s preferable. The alkyl group or the
aryl group may have a substituent. The substituent 1s not
particularly limited, and examples thereof include a fluorine

atom and a linear, branched, or cyclic alkyl group having 1 to
6 carbon atoms. The expression “have a substituent” means
that some or all of the hydrogen atoms of the alkyl group or

the aryl group are substituted with substituents.

The alkyl group preferably has 1 to 20 carbon atoms, more
preferably 1 to 10 carbon atoms, still more preferably 1 to 8
carbon atoms, still more preterably 1 to 6 carbon atoms, and
most preferably 1 to 4 carbon atoms. As the alkyl group, a
partially or completely halogenated alkyl group (hereinaftter,
sometimes referred to as a “halogenated alkyl group”) 1s
particularly desirable. The “partially halogenated alkyl
group’’ refers to an alkyl group 1n which some of the hydrogen
atoms are substituted with halogen atoms, and the “com-
pletely halogenated alkyl group” refers to an alkyl group in
which all of the hydrogen atoms are substituted with halogen
atoms. Examples of the halogen atom include a fluorine atom,
a chlorine atom, a bromine atom and an 1odine atom, and a
fluorine atom 1s particularly desirable. In other words, the
halogenated alkyl group 1s preferably a fluorinated alkyl

group.

The aryl group preferably has 4 to 20 carbon atoms, more
preferably 4 to 10 carbon atoms, and most preferably 6 to 10
carbon atoms. As the aryl group, a partially or completely
halogenated aryl group i1s particularly desirable. The “par-

tially halogenated aryl group™ refers to an aryl group in which
some of the hydrogen atoms are substituted with halogen

atoms, and the “completely halogenated aryl group™ refers to

an aryl group 1n which all of hydrogen atoms are substituted
with halogen atoms.

AsR?', an alkyl group of 1 to 4 carbon atoms which has no
substituent or a fluorinated alkyl group of 1 to 4 carbon atoms
1s particularly desirable.

As the organic group for R*?, a linear, branched, or cyclic
alkyl group, aryl group, or cyano group is prelerable.
Examples of the alkyl group and the aryl group for R>* are the
same as those of the alkyl group and the aryl group for R™".

As R>?, a cyano group, an alkyl group of 1 to 8 carbon
atoms having no substituent or a fluoriated alkyl group of 1
to 8 carbon atoms 1s particularly desirable.

Preferred examples of the oxime sulfonate-based acid gen-

erator include compounds represented by general formula
(B-2) or (B-3) shown below.
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|Chemuical Formula 54

(B-2)
R34—(‘3=N—O—SOE—R35

R3 3

wherein, R represents a cyano group, an alkyl group having
no substituent, or a halogenated alkyl group; R>* represents
an aryl group; and R> represents an alkyl group having no
substituent, or a halogenated alkyl group.

|Chemuical Formula 53]

_ _ (B-3)
R3?—-(‘3=N—O—SOE—R33

36
L R _pn‘

wherein R”° represents a cyano group, an alkyl group having
no substituent, or a halogenated alkyl group; R>’ represents a
divalent or trivalent aromatic hydrocarbon group; R>® repre-
sents an alkyl group having no substituent, or a halogenated
alkyl group; and p" represents 2 or 3.

In general formula (B-2) above, the alkyl group having no
substituent or the halogenated alkyl group for R> preferably
has 1 to 10 carbon atoms, more preferably 1 to 8 carbon
atoms, and most preferably 1 to 6 carbon atoms.

As R’?, a halogenated alkyl group is preferable, and a
fluorinated alkyl group 1s more preferable.

The fluorinated alkyl group for R>> preferably has 50% or

more of the hydrogen atoms thereot fluorinated, more pret-
erably 70% or more, and most preferably 90% or more.

Examples of the aryl group for R°* include groups in which
one hydrogen atom has been removed from an aromatic
hydrocarbon ring, such as a phenyl group, a biphenyl group,
a fluorenyl group, a naphthyl group, an anthryl group, and a
phenanthryl group, and heteroaryl groups 1n which some of
the carbon atoms constituting the ring(s) of these groups are
substituted with hetero atoms such as an oxygen atom, a
sulfur atom, and a nitrogen atom. Of these, a fluorenyl group
1s preferable.

The aryl group for R** may have a substituent such as an
alkyl group of 1 to 10 carbon atoms, a halogenated alkyl
group, or an alkoxy group. The alkyl group and halogenated
alkyl group as the substituent preferably has 1 to 8 carbon
atoms, and more preferably 1 to 4 carbon atoms. The haloge-
nated alkyl group 1s preferably a fluorinated alkyl group.

The alkyl group having no substituent or the halogenated
alkyl group for R”> preferably has 1 to 10 carbon atoms, more
preferably 1 to 8 carbon atoms, and most preferably 1 to 6
carbon atoms.

As R, a halogenated alkyl group is preferable, and a
fluorinated alkyl group 1s more preferable.

In terms of enhancing the strength of the acid generated,
the fluorinated alkyl group for R™ preferably has 50% or
more ol the hydrogen atoms fluorinated, more preferably
70% or more, and still more preferably 90% or more. A
completely fluorinated alkyl group in which 100% of the
hydrogen atoms are substituted with fluorine atoms 1s par-
ticularly desirable.

In general formula (B-3) above, the alkyl group having no
substituent and the halogenated alkyl group for R>° are the
same as the alkyl group having no substituent and the halo-
genated alkyl group for R™>.
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Examples of the divalent or trivalent aromatic hydrocarbon
group for R*” include groups in which one or two hydrogen
atoms have been removed from the aryl group for R**.

As the alkyl group having no substituent or the halogenated
alkyl group for R°®, the same one as the alkyl group having no
substituent or the halogenated alkyl group for R™ can be
used.

p" 1s preferably 2.

Specific examples of suitable oxime sulfonate-based acid
generators 1nclude a-(p-toluenesulionyloxyimino)-benzyl
cyanide, a-(p-chlorobenzenesulionyloxyimino)-benzyl cya-
nide, a-(4-nitrobenzenesulfonyloxyimino)-benzyl cyanide,
a.-(4-nitro-2-trifluoromethylbenzenesulfonyloxyimino)-
benzyl cyanide, a-(benzenesulionyloxyimino)-4-chloroben-
zyl cyanide, a-(benzenesulfonyloxyimino)-2,4-dichloroben-
zyl cyanide, a.-(benzenesulfonyloxyimino)-2,6-
dichlorobenzyl cyanide, a-(benzenesulionyloxyimino)-4-
methoxybenzyl cyanide, a-(2-
chlorobenzenesulionyloxyimino)-4-methoxybenzyl
cyanide, a-(benzenesulionyloxyimino)-thien-2-yl acetoni-
trile, o-(4-dodecylbenzenesulionyloxyimino)benzyl cya-
nide, a-[(p-toluenesulfonyloxyimino)-4-methoxyphenyl]ac-
ctonitrile, a.-[ (dodecylbenzenesulionyloxyimino)-4-
methoxyphenyl]acetonitrile,  a-(tosyloxyimino)-4-thienyl
cyanide, a.-(methylsulfonyloxyimino)-1-cyclopentenyl
acetonitrile, a-(methylsulfonyloxyimino)-1-cyclohexenyl
acetonitrile, o-(methylsulionyloxyimino)-1-cycloheptenyl
acetonitrile,  a-(methylsulfonyloxyimino)-1-cyclooctenyl

|Chemical Formula 56]
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acetonitrile, a-(trifluoromethylsulfonyloxyimino)-1-cyclo-
pentenyl acetonitrile, a-(trifluoromethylsulfonyloxyimino)-
cyclohexyl acetonitrile, o-(ethylsulfonyloxyimino)-ethyl
acetonitrile, a-(propylsulifonyloxyimino)-propyl acetoni-
trile, a-(cyclohexylsulfonyloxyimino)-cyclopentyl acetoni-
trile, ca-(cyclohexylsulfonyloxyimino)-cyclohexyl acetoni-
trile, a.-(cyclohexylsulfonyloxyimino)-1-cyclopentenyl
acetonitrile, a.-(ethylsulfonyloxyimino)-1-cyclopentenyl
acetonitrile, a-(1sopropylsulfonyloxyimino)-1-cyclopente-
nyl acetonitrile, a-(n-butylsulfonyloxyimino)-1-cyclopente-

nyl acetomitrile, o-(ethylsulifonyloxyimino)-1-cyclohexenyl
acetonitrile, a-(1sopropylsulionyloxyimino)-1-cyclohexenyl
acetonitrile, o-(n-butylsulionyloxyimino)-1-cyclohexenyl
acetonitrile, a-(methylsulfonyloxyimino)-phenyl acetoni-

trile, a-(methylsulfonyloxyimino)-p-methoxyphenyl aceto-
nitrile, o.- (tnﬂuoromethylsulfonyloxylmmo) -phenyl acetoni-
trile, o-(trifluoromethylsultonyloxyimino)-p-
methoxyphenyl acetonitrile, a-(ethylsulfonyloxyimino)-p-
methoxyphenyl acetomitrile, a-(propyl OXy1mino )-p-

sulfonyl
methylphenyl acetonitrile, and a.-(methylsulfonyloxyimino)-
p-bromophenyl acetonitrile.

Further, oxime sulfonate-based acid generators disclosed
in Japanese Unexamined Patent Application, First Publica-
tion No. He1 9-208554 (Chemical Formulas 18 and 19 shown
in paragraphs [0012] to [0014]) and oxime sulfonate-based
acid generators disclosed in WO 2004/074242 A2 (Examples
1 to 40 described at pages 65 to 85) may be preferably used.

Furthermore, as preferable examples, the following can be
exemplified.
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Among the above-exemplified compounds, the following 4
compounds are preferable.

|Chemical Formula 58]
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Of the atorementioned diazomethane-based acid genera-
tors, specific examples of suitable bisalkyl or bisaryl sulfonyl
diazomethanes include bis(isopropylsulifonyl )diazomethane,
bis(p-toluenesulionyl)diazomethane, bis(1,1-dimethylethyl-
sulfonyl)diazomethane, bis(cyclohexylsultonyl)diaz-
omethane, and  bis(2,4-dimethylphenylsulfonyl)diaz-
omethane.

Further, diazomethane-based acid generators disclosed in
Japanese Unexamined Patent Application, First Publication
No. He1 11-035551, Japanese Unexamined Patent Applica-
tion, First Publication No. Hei1 11-035552 and Japanese
Unexamined Patent Application, First Publication No. Hei
11-035573 may be preferably used.

Furthermore, as poly(bis-sulfonyl)diazomethanes, those
disclosed 1n Japanese Unexamined Patent Application, First
Publication No. He1 11-322707, including 1,3-bis(phenylsul-

tonyldiazomethylsultonyl)propane, 1,4-bis(phenylsulionyl-
diazomethylsulfonyl)butane, 1,6-bis(phenylsultonyldiazom-

cthylsulfonyl )hexane, 1,10-bis
(phenylsulfonyldiazomethylsulfonyl)decane, 1,2-bis
(cyclohexylsulionyldiazomethylsulfonyl)ethane, 1,3-bis
(cyclohexylsulfonyldiazomethylsulfonyl )propane, 1,6-bis
(cyclohexylsulfonyldiazomethylsulfonyl )hexane, and 1,10-

bis(cyclohexylsulionyldiazomethylsulfonyl)decane, may be

exemplified.

As the component (B), one type of these acid generators
may be used alone, or two or more types may be used in
combination.

In the present invention, as the component (B), 1t 1s par-
ticularly preferable to use an onium salt in which an anion 1s
a fluorinated alkylsulfonate 10n.

The amount of the component (B) within the resist com-
position of the present invention 1s 0.5 to 30 parts by weight,
and preferably 1 to 10 parts by weight, relative to 100 parts by
weight of the component (A). When the amount of the com-
ponent (B) 1s within the above-mentioned range, formation of
a resist pattern can be satisfactorily performed. Further, by
virtue of the above-mentioned range, a uniform solution can
be obtained and the storage stability becomes satisfactory.
<Component (C)>

In those cases where the resist composition of the present
invention 1s a negative resist composition, 1t 1s preferable that
a crosslinking agent (hereafter, referred to as “component
(C)”) be turther blended 1nto the resist composition.
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There are no particular limitations on the component (C),
which may be selected appropnately from the various
crosslinking agents used within conventional chemically
amplified negative resist compositions.

Specific examples include aliphatic cyclic hydrocarbons
containing a hydroxyl group and/or a hydroxyalkyl group, or
oxygen-containing deritvatives thereof, such as 2,3-dihy-
droxy-3-hydroxymethylnorbornane, 2-hydroxy-5,6-bis(hy-
droxymethyl)norbornane, cyclohexanedimethanol, 3,4,8 (or
N-trihydroxytricyclodecane, 2-methyl-2-adamantanol, 1,4-
dioxane-2,3-di1ol, and 1,3,5-trihydroxycyclohexane.

Furthermore, other suitable examples include compounds
produced by reacting an amino group-containing compound
such as melamine, acetoguanamine, benzoguanamine, urea,
ethylene urea, propylene urea or glycoluril with either form-
aldehyde or a combination of formaldehyde and a lower alco-
hol, thereby substituting the hydrogen atoms of the amino
group with hydroxymethyl groups or lower alkoxymethyl

groups; and compounds having an epoxy group.

Of these, compounds that use melamine are referred to as
melamine-based crosslinking agents, compounds that use
urea are referred to as urea-based crosslinking agents, com-
pounds that use an alkylene urea such as ethylene urea or
propylene urea are referred to as alkylene urea-based

crosslinking agents, compounds that use glycoluril are

referred to as glycolunil-based crosslinking agents, and com-
pounds that use a compound having an epoxy group are

referred to as epoxy-based crosslinking agents.

As the component (C), at least one type of crosslinking
agent selected from the group consisting ol melamine-based
crosslinking agents, urea-based crosslinking agents, alkylene
urea-based crosslinking agents, glycoluril-based crosslink-
ing agents and epoxy-based crosslinking agents 1s preferred,
and a glycoluril-based crosslinking agent 1s particularly
desirable.

Examples of the melamine-based crosslinking agents
include compounds obtained by reacting melamine with
formaldehyde, thereby substituting the hydrogen atoms of the
amino group with hydroxymethyl groups, and compounds
obtained by reacting melamine with formaldehyde and a
lower alcohol, thereby substituting the hydrogen atoms of the
amino group with lower alkoxymethyl groups. Specific
examples 1nclude hexamethoxymethylmelamine, hexa-
cthoxymethylmelamine, hexapropoxymethylmelamine and
hexabutoxybutylmelamine, and of these, hexamethoxymeth-
ylmelamine 1s preferred.

Examples of the urea-based crosslinking agents include
compounds obtained by reacting urea with formaldehyde,
thereby substituting the hydrogen atoms of the amino group
with hydroxymethyl groups, and compounds obtaimned by
reacting urea with formaldehyde and a lower alcohol, thereby
substituting the hydrogen atoms of the amino group with
lower alkoxymethyl groups. Specific examples include bis-
methoxymethylurea, bisethoxymethylurea, bispropoxym-
cthylurea and bisbutoxymethylurea, and of these, bis-
methoxymethylurea 1s preferred.

Examples of the alkylene urea-based crosslinking agents
include compounds represented by general formula (C-1)
shown below.
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|Chemical Formula 59]

(C-1)

I
C
! o/ \ !
R> —CHE—I‘\T T—CHZ—R‘:‘
CH CH
;""’ il !
R ~(CHY),, g

wherein R> and R® each independently represents a hydroxyl
group or a lower alkoxy group; R® and R™* each indepen-
dently represents a hydrogen atom, a hydroxyl group or a
lower alkoxy group; and v represents 0 or an integerof 1 to 2.

The lower alkoxy group for R> and R® may be either a
linear or branched group, and 1s preferably an alkoxy group of
1 to 4 carbon atoms. R and R® may be either the same or
different, and are preferably the same.

The lower alkoxy group for R and R* may be either a
linear or branched group, and 1s preferably an alkoxy group of
1 to 4 carbon atoms. R® and R* may be either the same or
different, and are preferably the same.

v represents O or an 1integer of 1 to 2, and 1s preferably O or
1.

As the alkylene urea-based crosslinking agent, compounds
in which v 1s 0 (ethylene urea-based crosslinking agents)
and/or compounds 1 which v 1s 1 (propylene urea-based
crosslinking agents) are preferred.

Compounds represented by the above general formula
(C-1) can be obtained by a condensation reaction between an
alkylene urea and formalin, and by further reacting the result-
ing product with a lower alcohol.

Specific examples of the alkylene urea-based crosslinking
agents include ethylene urea-based crosslinking agents such
as mono- and/or di-hydroxymethylated ethylene urea, mono-
and/or di-methoxymethylated ethylene urea, mono- and/or
di-ethoxymethylated ethylene urea, mono- and/or di-pro-
poxymethylated ethylene urea, and mono- and/or di-bu-
toxymethylated ethylene urea; propylene urea-based
crosslinking agents such as mono- and/or di-hydroxymethy-
lated propylene urea, mono- and/or di-methoxymethylated
propylene urea, mono- and/or di-ethoxymethylated propy-
lene urea, mono- and/or di-propoxymethylated propylene
urea, and mono- and/or di-butoxymethylated propylene urea;
as well as 1,3-di{methoxymethyl)-4,5-dihydroxy-2-imidazo-
lidinone, and 1,3-di(methoxymethyl)-4,5-dimethoxy-2-1mi-
dazolidinone.

Examples of the glycoluril-based crosslinking agents
include glycoluril derivatives in which the N-position 1s sub-
stituted with either one or both of a hydroxyalkyl group and
an alkoxvyalkyl group of 1 to 4 carbon atoms. These glycoluril
derivatives can be obtained by a condensation reaction
between glycolurl and formalin, and by further reacting the
resulting product with a lower alcohol.

Specific examples of glycoluril-based crosslinking agents
include mono-, di-, tr1-, and/or tetra-hydroxymethylated gly-

coluril, mono-, di-, tr1-, and/or tetra-methoxymethylated gly-
coluril, mono-, di-, tr1-, and/or tetra-ethoxymethylated gly-
coluril, mono-, di-, tr1-, and/or tetra-propoxymethylated

glycoluril, and mono-, di-, tr1-, and/or tetra-butoxymethy-
lated glycoluril.

There are no particular limitations on the epoxy-based
crosslinking agents, and any crosslinking agent having an
epoxy group may be used. Of such crosslinking agents, those
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having two or more epoxy groups are preferred. Including
two or more epoxy groups improves the crosslinking reactiv-
ity.
The number of epoxy groups 1s preferably at least two,
more preferably from 2 to 4, and 1s most preferably 2.
Preferred examples of the epoxy-based crosslinking agents
are shown below.

|Chemical Formula 60]

CH,OC

V\O O/\<{L

O

As the component (C), one type of crosslinking agent may
be used alone, or two or more types may be used in combi-
nation.

Further, as the component (C), typically, an amino-based
crosslinking agent such as a glycoluril having a methylol
group or alkoxymethyl group 1s preferable, as i1t enables for-
mation of a resist pattern with minimal swelling.

The quantity of the component (C) 1s preferably within a
range from 1 to 30 parts by weight, more preferably from 3 to
30 parts by weight, still more preferably from 3 to 135 parts by
weilght, and most preferably from 5 to 10 parts by weight,
relative to 100 parts by weight of the component (A). By
ensuring that the quantity of the component (C) 1s at least as
large as the lower limit of the above-mentioned range, the
formation of crosslinking 1s able to proceed favorably, and a
tavorable resist pattern with minimal swelling 1s obtained. On
the other hand, by ensuring that the quantity 1s not more than
the upper limit of the above-mentioned range, the storage
stability of the resist coating liquid improves, and deteriora-
tion 1n the sensitivity over time can be suppressed.
<Component (D)>

In the resist composition of the present invention, for
improving the resist pattern shape and the post exposure
stability of the latent image formed by the pattern-wise expo-
sure of the resist layer, a nitrogen-containing organic com-
pound (D) (hereafter referred to as the component (D)) may
be added as an optional component.

A multitude of these components (D) have already been
proposed, and any of these known compounds may be used,
although a cyclic amine, an aliphatic amine, and particularly
a secondary aliphatic amine or tertiary aliphatic amine 1s
preferable. Here, an aliphatic amine 1s an amine having one or
more aliphatic groups, and the aliphatic groups preferably
have 1 to 12 carbon atoms.
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Examples of these aliphatic amines include amines in
which at least one hydrogen atom of ammonia (NH, ) has been
substituted with an alkyl group or hydroxyalkyl group of no
more than 12 carbon atoms (namely, alkylamines or alkyl
alcohol amines). Specific examples of these aliphatic amines
include monoalkylamines such as n-hexylamine, n-hepty-
lamine, n-octylamine, n-nonylamine, and n-decylamine;
dialkylamines such as diethylamine, di-n-propylamine, di-n-
heptylamine, di-n-octylamine, and dicyclohexylamine; tri-
alkylamines such as trimethylamine, triethylamine, tri-n-pro-
pylamine, tri-n-butylamine, tri-n-hexylamine, tri-n-
pentylamine, {tri-n-heptylamine, {tri-n-octylamine, tri-n-
nonylamine, tri-n-decanylamine, and tri-n-dodecylamine;
and alkyl alcohol amines such as diethanolamine, triethano-
lamine, diisopropanolamine, triisopropanolamine, di-n-oc-
tanolamine, and tri-n-octanolamine.

Of the above amines, alkyl alcohol amines and trialky-
lamines are preferred, and tritsopropanolamine and tri-n-pen-
tylamine are particularly desirable.

Examples of the cyclic amine include heterocyclic com-
pounds containing a nitrogen atom as a hetero atom. The
heterocyclic compound may be a monocyclic compound (ali-
phatic monocyclic amine), or a polycyclic compound (ali-
phatic polycyclic amine).

Specific examples of the aliphatic monocyclic amine
include piperidine, and piperazine.

The aliphatic polycyclic amine preferably has 6 to 10 car-
bon atoms, and specific examples thereof include 1,5-diaz-
abicyclo[4.3.0]-5-nonene, 1,8-diazabicyclo[5.4.0]-7-un-
decene, hexamethylenetetramine, and 1,4-diazabicyclo
|2.2.2]octane.

These compounds can be used either alone, or in combi-
nations of two or more different compounds.

The component (D) 1s typically used in an amount within a
range from 0.01 to 5.0 parts by weight, relative to 100 parts by
weight of the component (A).
<Optional Component>

Furthermore, 1n the resist composition of the present inven-
tion, for preventing any deterioration in sensitivity, and
improving the resist pattern shape and the post exposure
stability of the latent image formed by the pattern-wise expo-
sure of the resist layer, at least one compound (E) (hereafter
referred to as the component (E)) selected from the group
consisting of an organic carboxylic acid, or a phosphorus oxo
acid or derivative thereof can be added.

Examples of suitable organic carboxylic acids include ace-
tic acid, malonic acid, citric acid, malic acid, succinic acid,
benzoic acid, and salicylic acid.

Examples of phosphorus oxo acids or derivatives thereof
include phosphoric acid, phosphonic acid and phosphinic
acid. Among these, phosphonic acid 1s particularly desirable.

Examples of phosphorus oxo acid derivatives include
esters in which a hydrogen atom within the above-mentioned
0xo acids 1s substituted with a hydrocarbon group. Examples
of the hydrocarbon group include an alkyl group of 1 to 5
carbon atoms and an aryl group of 6 to 15 carbon atoms.

Examples of phosphoric acid dernivatives include phospho-
ric acid esters such as di-n-butyl phosphate and diphenyl
phosphate.

Examples of phosphonic acid derivatives include phospho-
nic acid esters such as dimethyl phosphonate, di-n-butyl
phosphonate, phenylphosphonic acid, diphenyl phosphonate
and dibenzyl phosphonate.

Examples of phosphinic acid dernvatives include phos-
phinic acid esters such as phenylphosphinic acid.

As the component (E), one type may be used alone, or two
or more types may be used 1n combination.
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When added, the component (E) 1s typically used 1n a
quantity within a range from 0.01 to 5.0 parts by weight per
100 parts by weight of the component (A).

It desired, other miscible additives can also be added to the
resist composition of the present invention. Examples of such
miscible additives include additive resins for improving the
performance of the resist {ilm, surfactants for improving the
applicability, dissolution inhibitors, plasticizers, stabilizers,
colorants, halation prevention agents, and dyes.
<Organic Solvent>

The resist composition of the present invention can be
prepared by dissolving the materials for the resist composi-
tion 1n an organic solvent (hereafter, frequently referred to as
“component (S)”).

The component (S) may be any organic solvent which can
dissolve the respective components to give a uniform solu-
tion, and any one or more kinds of organic solvents can be
approprately selected from those which have been conven-
tionally known as solvents for a chemically amplified resist.

Examples thereof include lactones such as y-butyrolac-
tone; ketones such as acetone, methyl ethyl ketone, cyclohex-
anone, methyl-n-pentyl ketone, methyl 1sopentyl ketone, and
2-heptanone; polyhydric alcohols, such as ethylene glycol,
diethylene glycol, propylene glycol and dipropylene glycol;
compounds having an ester bond, such as ethylene glycol
monoacetate, diethylene glycol monoacetate, propylene gly-
col monoacetate, and dipropylene glycol monoacetate; poly-
hydric alcohol dernvatives including compounds having an
cther bond, such as a monoalkylether (e.g., monomethylether,
monoethylether, monopropylether or monobutylether) or
monophenylether of any of these polyhydric alcohols or com-
pounds having an ester bond (among these, propylene glycol
monomethyl ether acetate (PGMEA) and propylene glycol
monomethyl ether (PGME) are preferable); cyclic ethers
such as dioxane; esters such as methyl lactate, ethyl lactate
(EL), methyl acetate, ethyl acetate, butyl acetate, methyl
pyruvate, ethyl pyruvate, methyl methoxypropionate, and
cthyl ethoxypropionate; aromatic organic solvents such as
anisole, ethylbenzylether, cresylmethylether, diphenylether,
dibenzylether, phenetole, butylphenylether, ethylbenzene,
diethylbenzene, pentylbenzene, 1sopropylbenzene, toluene,
xylene, cymene and mesitylene; and dimethyl sulfoxide
(DMSO).

These organic solvents can be used individually, or as a
mixed solvent containing two or more different solvents.

Among these, propylene glycol monomethyl ether acetate
(PGMEA), propylene glycol monomethyl ether (PGME) and
cthyl lactate (EL) are preferable.

Further, among the mixed solvents, a mixed solvent
obtained by mixing PGMEA or PGME with a polar solvent 1s
preferable. The mixing ratio (weight ratio) of the mixed sol-
vent can be appropriately determined, taking mto consider-
ation the compatibility of the PGMEA or PGME with the
polar solvent, but 1s preferably 1n a range from 1:9 to 9:1, and
more preferably from 2:8 to 8:2.

Specifically, when EL 1s mixed as the polar solvent, the
PGMEA:EL weight ratio 1s preferably from 1:9 to 9:1, and
more preferably from 2:8 to 8:2. Alternatively, when PGME
1s mixed as the polar solvent, the PGMEA:PGME weight
ratio 1s preferably from 1:9 to 9:1, more preferably from 2:8
to 8:2, and still more preferably from 3:7 to 7:3.

Further, as the component (S), a mixed solvent of at least
one of PGMEA and EL with y-butyrolactone 1s also prefer-
able. The mixing ratio (former:latter) ol such a mixed solvent
1s preferably from 70:30 to 93:5.

Further, a mixed solvent of PGME with dimethyl sulfoxide
1s also preferable. In this case, the mixing ratio (former:latter)
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of such a mixed solvent 1s preferably from 9:1 to 1:9, more
preferably from 8:2 to 2:8, and most preferably from 7:3 to
J:9.

There are no particular limitations on the quantity used of
the component (S), although the quantity should be set in
accordance with the coating film thickness, at a concentration
that enables favorable application of the composition to a
substrate or the like. In general, the component (S) 1s used 1n
an amount such that the solid content of the resist composition
becomes within the range from 2 to 20% by weight, and
preferably from 3 to 15% by weight.
<<Method of Forming a Resist Pattern>>

The method of forming a resist pattern according to the
present mnvention includes: applying a resist composition of
the present invention to a substrate to form a resist {ilm on the
substrate; subjecting the resist film to exposure; and develop-
ing the resist film to form a resist pattern.

The substrate 1s not specifically limited and a convention-
ally known substrate can be used. For example, substrates for
clectronic components, and such substrates having wiring
patterns formed thereon can be used. Specific examples
thereot include a silicon watfer, a substrate made of metals
such as copper, chromium, 1ron and aluminum, and a glass
substrate. Suitable materials for the wiring pattern include
copper, aluminum, nickel, and gold.

Further, as the substrate, any one of the above-exemplified
substrates provided with an inorganic and/or organic film on
the surface thereof may be used. As the mnorganic film, an
inorganic antiretlection film (1norganic BARC) can be used.
As the organic film, an organic antireflection film (organic
BARC) can be used.

More specifically, the method for forming a resist pattern
according to the present mvention can be performed, for
example, as follows.

Firstly, the resist composition 1s applied onto a substrate
using a spinner or the like, and a prebake (post applied bake
(PAB)) 1s conducted under temperature conditions of 80 to
150° C. for 40 to 120 seconds, preterably 60 to 90 seconds, to
form a resist film. Then, for example, using an ArF exposure
apparatus or the like, the resist film 1s selectively exposed to
an ArF excimer laser beam through a desired mask pattern,
followed by post exposure bake (PEB) under temperature
conditions of 80 to 150° C. for 40 to 120 seconds, preferably
60 to 90 seconds. Subsequently, developing 1s conducted
using an alkali developing solution such as a 0.1 to 10% by
weight aqueous solution of tetramethylammonium hydrox-
ide, preferably followed by rinsing with pure water, and dry-
ing, thereby forming a resist pattern.

An organic or inorganic antireflection film may be pro-
vided between the substrate and the applied coating layer of
the resist composition.

Further, the wavelength to be used for exposure 1s not
particularly limited and the exposure can be conducted using,
radiation such as an ArF excimer laser, a KrF excimer laser, a
F, excimer laser, extreme ultraviolet rays (EUV), vacuum
ultraviolet rays (VUV), an electron beam (EB), X-rays, and
solt X-rays. The resist composition according to the present
invention 1s particularly effective to an ArF excimer laser.

The resist composition of the present invention 1s a novel
composition that has not been known until now.

The resist composition of the present invention exhibits
superior transparency to light having a wavelength in the
vicinity of 193 nm, and during formation of a resist pattern
using the positive resist composition, enables favorable sup-
pression of swelling and pattern collapse of the resist pattern.
As a result, a resist pattern with excellent resolution can be
formed.
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Conventionally, acrylic resins that contain structural units
derived from (meth)acrylate esters within the principal chain
have been widely used as base resins for positive resists that
use ArF excimer laser lithography, as they exhibit excellent
transparency to light having a wavelength in the vicinity of
193 nm. However, because the dissolution rate of (meth)
acrylic acid 1s excessively high, the occurrence of pattern
swelling and pattern collapse has become a considerable
problem as the field of pattern size miniaturization

Progresses.

The polymer compound (Al) of the present mvention

includes a side chain terminal represented by SO, N(R*)R”,

and the SO,NH, group formed as a result of acid dissociation
of the side chain terminal exhibits an adequate level of alkali
solubility. Further, the polymer compound (Al) exhibits a
high refractive index and glass transition temperature (Tg), as
compared to known polymer compounds that are used for
positive resist compositions and have a fluorinated hydroxy-
alkyl group. It 1s thought that because of these reasons, while
suppressing the pattern swelling or pattern collapse, a posi-
tive resist pattern having excellent resolution can be formed.

Further, 1n the resist composition of the present invention,

when a crosslinking agent component (C) 1s added, a negative
resist pattern having excellent resolution can be formed.

In the conventional negative resist compositions, polymer
compounds having fluorinated hydroxyalkyl groups are
known to exhibit an appropriate level of alkali solubility and
thus considered to be excellent. However, as a result of the

steric hindrance caused by the fluorinated alkyl group, the
hydroxyl groups of these tfluorinated hydroxyalkyl groups do
not contribute to the crosslinking reaction, meaning they tend
to impede improvements in the crosslinking density.

On the other hand, in the negative resist composition using,
the polymer compound (A1) of the present invention, not only

does the composition exhibit excellent transparency in the
wavelength vicinity of 193 nm and an appropnate level of
alkal1 solubility as described above, but also the sulfonamide
group (SO,N group) at the side chain terminal undergoes a

crosslinking reaction with the crosslinking agent component
(C). As a result, when a negative resist pattern 1s formed, the
crosslinking density of the exposed portions can be readily
increased. Theretfore, the alkali insolubility of the exposed
portions of the resist composition 1s significantly improved,
and a negative resist pattern having excellent resolution can

be

formed.

EXAMPLES

As follows 1s a more detailed description of the present
invention based on a series of examples, although the scope of
the present invention 1s by no way limited by these examples.

<Polymer Compound (A)>

In the following examples, the monomers (1) to (12) shown
below were used for synthesizing the polymer compounds

(A)-1 to (A)-15-3.
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|Chemical Formula 61 |
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-continued
(11)

(12)

(Synthesis of Monomer (1))

Acrylation of norbornene-2-sulfonamide

0.0541 g of hydroquinone, 36.2 g (0.5 mol) of acrylic acid
and 0.19 g (0.0013 mol) of trifluoromethanesulfonic acid
were added to a 200 ml four-necked glass flask equipped with
a stirrer, a thermometer and a reflux condenser, and the tem-
perature was elevated to 80° C. while stirring. Then, 17.32 g
(0.1 mol) of norbornene-2-sulfonamide was added thereto
over 3 hours. Thereatter, a reaction was effected for 4 hours
while maintaining the internal temperature at 80 to 85° C.
After the completion of the reaction, the resultant was cooled
to room temperature. Then, 30 g of distilled water and 100 g
of ethyl acetate were added 1n this order while stirring, and
24.3 g (0.36 mol) of a 25% by weight aqueous ammonia was
added to neutralize the resultant to a pH of 7.2. Then, the
resultant was transferred to a separating funnel, and the aque-
ous phase was removed, followed by washing the organic
phase with 30 g of distilled water twice. The organic phase
having the aqueous phase removed was concentrated, and
purification was conducted by silica gel chromatography,
thereby obtaining 19.6 g (0.08 mol) of an acrylate ester rep-
resented by the above chemical formula (1) (vield: 80%).

"H-NMR (300 MHz, CDCl,, TMS)

0: 6.38 (1H, m), 6.06 (1H, m), 5.79 (1H, m), 5.52 (0.5x1H,
s), 5.41 (0.3x1H, m), 5.35 (0.5x1H, s), 5.28 (1H, s), 4.78
(0.3x1H, m), 4.70 (0.4x1H, m), 3.54 (0.3x1H, m), 3.44 (0.3x
1H, m), 3.02 (0.4x1H, m), 2.77 (1H, m), 2.48 (1H, m), 1.99-
1.84 (2H, m), 1.80-1.49 (3H, m), 1.37 (1H, m)

(Synthesis of Monomer (2))

Acrylation of norbornene-2-N-t-butylsulfonamide

0.0214 g of methoxyhydroquinone, 13.8 g (0.19 mol) of
acrylic acid, 62 g of toluene and 0.56 g (0.0037 mol) of
trifluoromethanesulfonic acid were added to a 200 ml four-
necked glass flask equipped with a stirrer, a thermometer and
a retlux condenser, and the temperature was elevated to 80° C.
while stirring. Then, 14.1 g (0.06 mol) of norbornene-2-N-t-
butylsulfonamide was added thereto over 3 hours. Thereaftter,
a reaction was eflected for 2 hours while maintaining the
internal temperature at 80 to 85° C. After the completion of
the reaction, the resultant was cooled to room temperature.
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Then, 100 g of ethyl acetate was added while stirring, and
106.7 g (0.10 mol) of a 10% by weight aqueous sodium
carbonate solution was added to neutralize the resultant to a
pH ot 7.7. Then, the resultant was transierred to a separating
funnel, and the aqueous phase was removed, followed by
washing the organic phase with 100 g of distilled water twice.
The organic phase having the aqueous phase removed was
concentrated, and purification was conducted by silica gel
chromatography, thereby obtaiming 15.4 g (0.051 mol) of an
acrylate ester represented by the above chemical formula (2)
(vield: 85%).

"H-NMR (300 MHz, CDCl,, TMS)

o: 6.35 (1H, m), 6.09 (1H, m), 5.80 (1H, m), 5.44 (0.36x
1H, m), 4.81 (0.28x1H, m), 4.71 (0.36x1H, m), 4.92 (0.33x
1H,s),4.19(0.67x1H,s),3.41 (0.36x1H, m),3.33 (0.28x1H,
m),2.88 (0.36x1H, m),2.75(1H, m), 2.49 (1H, m), 2.05-1.80
(2H, m), 1.70-1.55 (3H, m), 1.41 (3H, s), 1.36 (6H, s), 1.30
(1H, m)

(Synthesis of Monomer (1'))

0.0541 g of hydroquinone, 43.0 g (0.5 mol) of methacrylic
acidand 0.19 g (0.0013 mol) of trifluoromethanesulfonic acid
were added to a four-necked glass flask with an internal
volume of 200 ml and equipped with a stirrer, a thermometer
and a retlux condenser, and the temperature was elevated to
80° C. while stirring. Then, at the same temperature, 17.32 g
(0.1 mol) of 3-norbornene-2-sulfonamide was added thereto
over 3 hours. The reaction mixture was stirred for 4 hours at
an 1nternal temperature of 80 to 85° C., and was then cooled
to room temperature. Then, 30 g of distilled water and 100 g
ol ethyl acetate were added 1n this order to the reaction mix-
ture, followed by the addition 01 24.3 g (0.36 mol)ota25% by
welght aqueous ammonia. At this time, the pH of the reaction
mixture was 7.2. Subsequently, the reaction mixture was
separated mto an aqueous phase and organic phase, and the
organic phase was washed twice with 30 g of distilled water,
tollowed by concentration, and the obtained residue was puri-
fied by silica gel chromatography (developer: hexane/ethyl
acetate=50/50), thereby obtaiming 21.5 g (0.083 mol) of an
methacrylate ester represented by the above chemical for-
mula (1") (yield: 83%).

"H-NMR (300 MHz, CDCl,, TMS, ppm) &: 6.03 (1H, m),
5.51 (1H, m), 5.47 (0.6x1H, s), 5.35 (0.33x1H, m), 5.29
(0.6x1H,s),5.24 (0.8x1H,s),4.75(0.33x1H, m), 4.64 (0.33x
1H, m), 3.53 (0.33x1H, m), 3.43 (0.33x1H, m), 3.01 (0.33x
1H, m), 2.75 (1H, m), 2.47 (1H, m), 2.02-1.88 (2H, m), 1.87
(3H, s), 1.78-1.50 (3H, m), 1.39 (1H, m)

SYNTHESIS EXAMPLES

Synthesis of Polymer Compound (A)-1

2.5 g of the monomer (2), 1.03 g of the monomer (3) and
0.30 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization initiator were dissolved 1n 35.3 g (10 wt. %)
of tetrahydrofuran (THF), and the solution was then stirred at
70° C. for 5 hours to polymerize. The resulting polymer
solution was added to 704 g (20 wt. %) of heptane to precipi-
tate, followed by drying, thereby yielding 2.64 g of a white
powder (polymer compound (A)-1).

In the following formula (A)-1, the composition of the
polymer compound (A)-1 represented by the ratio 1:m (molar
ratio) of the respective monomers 1s 1:m=350:50. With respect

to the polymer compound (A)-1, the weight average molecu-
lar weight (Mw) was 11,200, and the dispersity (Mw/Mn) was

4.70.
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|Chemical Formula 62 ]
(A)-1

g

H3C/1<CH3

CH;

Synthesis of Polymer Compound (A)-2

4.28 g of the monomer (1), 4.07 g of the monomer (4) and
0.21 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a

polymerization imitiator were dissolved 1n 150 ml of tetrahy-
droturan (THEF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was added to 1,000 ml of heptane to pre-
cipitate a resin, and the precipitated resin was then filtered.
Furthermore, the obtained resin was dissolved in 40 mlL of
THE, the resulting solution was poured into a mixture com-
posed of water (450 ml)/methanol (50 ml) to precipitate a
resin, and the precipitated resin was then filtered. The thus
obtained resin was dried, thereby yielding 3.40 g of a white
solid (polymer compound (A)-2).

In the following formula (A)-2, the composition of the
polymer compound (A)-2 represented by the ratio 1:m (molar
rat10) of the respective monomers 1s 1:m=350:350. With respect
to the polymer compound (A)-2, the weight average molecu-
lar weight (IMw) was 4,800, and the dispersity (Mw/Mn) was
2.16.

|Chemical Formula 63|
(A)-2
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Synthesis of Polymer Compound (A)-3

1.71 g of the monomer (1), 2.38 g of the monomer (3), 3.27
g ol the monomer (4) and 0.21 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were

dissolved 1n 200 ml of tetrahydrofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidily using an evaporator. There-
after, the resultant was dissolved 1n 60 mL of THE, the result-
ing solution was poured nto a mixture composed ol water
(900 ml)methanol (100 ml) to precipitate a resin, and the
precipitated resin was then filtered. Furthermore, the obtained
resin was dissolved in 40 mL of THE, the resulting solution
was poured ito a mixture composed of water (250 ml)/
methanol (250 ml) to precipitate a resin, and the precipitated
resin was then filtered. The thus obtained resin was dried,
thereby yielding 2.45 g of a white solid. The obtained white
solid 1s termed polymer compound (A)-3.

In the following formula (A)-3, the composition of the
polymer compound (A)-3 represented by the ratio I:m:n (mo-
lar rati0) of the respective monomers 1s 1:m:n=20:40:40. With
respect to the polymer compound (A)-3, the weight average
molecular weight (Mw) was 7,100, and the dispersity (Mw/

Mn) was 1.83.

|Chemical Formula 64|

O O O
@ b H;C
\ o0
O—T—O
NH,

Synthesis of Polymer Compound (A)-3'

1.71 g of the monomer (1), 2.38 g of the monomer (3), 3.27
g 0l the monomer (4) and 0.21 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure

Chemical Industries, Ltd.) as a polymerization initiator were
dissolved 1n 200 ml of tetrahydrofuran (THF).
Subsequently, nitrogen was bubbled through the solution

for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved in 70 mL of THE, the result-
ing solution was poured into 200 ml of 1sopropanol, followed
by the addition of 1,000 ml of heptane thereto to precipitate a
resin, and the precipitated resin was then filtered. The thus
obtained resin was dried, thereby vielding 2.8 g of a white

solid. The obtained white solid 1s termed polymer compound
(A)-3".

In the above formula (A)-3, the composition of the polymer
compound (A)-3' represented by the ratio l:m:n (molar ratio)
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ol the respective monomers 1s 1:m:n=20:40:40. With respect
to the polymer compound (A)-3', the weight average molecu-
lar weight (IMw) was 4,900, and the dispersity (Mw/Mn) was
2.38.

Synthesis of Polymer Compound (A)-3"

1.71 g of the monomer (1), 2.38 g of the monomer (3), 3.27
g 0l the monomer (4) and 0.21 g of dimethyl azobisisobu-

tyrate (product name: V-601 manufactured by Wako Pure

Chemical Industries, Ltd.) as a polymerization initiator were
dissolved 1n 150 ml of tetrahydrofuran (THF).

Subsequently, nitrogen was bubbled through the solution

for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved in 70 mL of THE, the result-
ing solution was poured into 200 ml of 1sopropanol, followed
by the addition of 1,000 ml of heptane thereto to precipitate a
resin, and the precipitated resin was then filtered. The thus
obtained resin was dried, thereby yielding 2.8 g of a white

solid. The obtained white solid 1s termed polymer compound
(A)-3".

In the above formula (A)-3, the composition of the polymer
compound (A)-3" represented by the ratio l:m:n (molar ratio)
of the respective monomers 1s 1:m:n=20:40:40. With respect
to the polymer compound (A)-3", the weight average molecu-
lar weight (IMw) was 8,300, and the dispersity (Mw/Mn) was
2.02.

Synthesis of Polymer Compound (A)-4

4.28 g of the monomer (1), 3.41 g of the monomer (35) and
0.21 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization mitiator were dissolved 1 1350 ml of tetrahy-

droturan (THEF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved in 60 mL. of THE, the result-
ing solution was poured into a mixture composed of water
(900 ml)/methanol (100 ml) to precipitate a resin, and the
precipitated resin was then filtered. Furthermore, the obtained
resin was dissolved 1 60 mL of THE, the resulting solution
was added to 1,000 ml of heptane to precipitate crystals,
tollowed by drying, thereby vielding 2.37 g of a white solid
(polymer compound (A)-4).

In the following formula (A)-4, the composition of the
polymer compound (A)-4 represented by the ratio 1:m (molar
rat10) of the respective monomers 1s 1:m=>50:350. With respect

to the polymer compound (A )-4, the weight average molecu-
lar weight (IMw) was 5,200, and the dispersity (Mw/Mn) was
2.88.
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|Chemical Formula 65]
(A)-4

Synthesis of Polymer Compound (A)-5

4.28 g of the monomer (1), 4.35 g of the monomer (6) and
0.21 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization mmtiator were dissolved 1n 60 ml of tetrahy-

drofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved 1n 60 mL of THE, the result-
ing solution was added to 1,000 ml of heptane to precipitate
crystals, and the precipitated crystals were then filtered. Fur-
thermore, the obtained crystals were dissolved 1n 40 mL of
THE, the resulting solution was poured 1nto a mixture com-
posed of water (1,000 ml)/methanol (500 ml) to precipitate a
resin, and the precipitated resin was then filtered. Further-
more, the obtained resin was dissolved 1n 40 mL of THEF, the
resulting solution was added to a mixture composed of water
(450 ml)/methanol (530 ml) to precipitate crystals, followed by
drying, thereby yielding 2.44 g of a white solid (polymer
compound (A)-5).

In the following formula (A)-5, the composition of the
polymer compound (A)-5 represented by the ratio 1:m (molar
rati0) of the respective monomers 1s 1:m=230:50. With respect
to the polymer compound (A)-5, the weight average molecu-

lar weight (Mw) was 15,700, and the dispersity (Mw/Mn) was
2.14.

|Chemuical Formula 66|
(A)-3

O O
| O>
O
(O=§=()
NH,
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Synthesis of Polymer Compound (A)-6

4.28 g of the monomer (1), 2.48 g of the monomer (7) and
0.21 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization mitiator were dissolved 1n 1350 ml of tetrahy-
drofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated using an evaporator. Thereafter, the concen-
trated solution was dissolved 1n 70 mL of THEF, the resulting,
solution was poured into 200 ml of 1sopropanol, followed by
the addition of 1,000 ml of heptane thereto to precipitate a
resin, and the precipitated resin was then filtered. The thus
obtained resin was dried, thereby yielding 3.87 g of a white
solid (polymer compound (A)-6).

In the following formula (A)-6, the composition of the
polymer compound (A)-6 represented by the ratio I:m (molar
rat10) of the respective monomers 1s 1:m=50:50. With respect

to the polymer compound (A)-6, the weight average molecu-
lar weight (IMw) was 5,000, and the dispersity (Mw/Mn) was
1.93.

|Chemical Formula 67|
(A)-6

Synthesis of Polymer Compound (A)-7

1.71 g of the monomer (1), 2.46 g of the monomer (4), 3.89
g 0ol the monomer (8) and 0.21 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were
dissolved 1n 200 ml of tetrahydrofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved 1n 70 mL of THE, the result-
ing solution was poured into 200 ml of 1sopropanol, followed
by the addition of 1,000 ml of heptane thereto to precipitate a
resin, and the precipitated resin was then filtered. The thus
obtained resin was dried, thereby yielding 4.0 g of a white
solid (polymer compound (A)-7).

In the following formula (A)-7, the composition of the
polymer compound (A)-7 represented by the ratio I:m:n (imo-
lar ratio) of the respective monomers 1s I:m:n=20:30:50. With
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respect to the polymer compound (A)-7/, the weight average
molecular weight (Mw) was 7,200, and the dispersity (Mw/

Mn) was 1.77.

|Chemical Formula 63|

(A)-7
C C
\C ! \C i) \C 4
Oz( Oz( ’
O O O
O
O S O
O
NH,

Synthesis of Polymer Compound (A)-8

4.0 g of the monomer (1) and 0.11 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1n 32 ml of tetrahydroturan (THEF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. A resin was precipitated in
the THF in the end. The thus obtained resin was reprecipitated
and was then dried, thereby yielding 2.18 g of a white solid
(polymer compound (A)-8).

With respect to the polymer compound (A)-8, the weight

average molecular weight (Mw) was 5,920, and the dispersity
(Mw/Mn) was 3.68.

|Chemical Formula 69]
(A)-8

NH,

Synthesis of Polymer Compound (A)-8'

5.0 g of the monomer (1') and 0.21 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1 150 ml of tetrahydrofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
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stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. A resin was precipitated in
the THF in the end. The obtained resin was dissolved 1n 50 ml
of dimethyl sulfoxide (DMSQ), and the resulting solution
was dropwise added to 500 ml of 1sobutanol (IBA), followed
by the addition of 500 ml of heptane thereto to precipitate
crystals. The thus obtained crystals were filtered and were
then dried, thereby yielding 4.04 g of a whate solid (polymer
compound (A)-8").

The polymer compound (A)-8' 1s represented by the fol-
lowing formula (A)-8'. With respect to the polymer com-
pound (A)-8', the weight average molecular weight (Mw) was

13,000, and the dispersity (Mw/Mn) was 4.2.

|Chemical Formula 70]

(A)-8'

Synthesis of Polymer Compound (A)-9

2.85 g of the monomer (1), 1.72 g of the monomer (9) and

0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a

polymerization initiator were dissolved 1 a mixture com-
posed ol 30 ml of tetrahydrofuran (THF) and 2 ml of dimethyl

sulfoxide (DMSOQO).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and

then cooled to room temperature. A resin was precipitated in

the THF in the end. The thus obtained resin was reprecipitated

and was then dried, thereby yielding 2.17 g of a white solid
(polymer compound (A)-9).

In the following formula (A)-9, the composition of the
polymer compound (A)-9 represented by the ratio 1:m (molar
rat10) of the respective monomers 1s 1:m=60:40. With respect
to the polymer compound (A)-9, the weight average molecu-
lar weight (IMw) was 5,520, and the dispersity (Mw/Mn) was
2.94.
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|Chemical Formula 71]

(A)-9

OH

Synthesis of Polymer Compound (A)-9-1

5.14 g of the monomer (1), 3.10 g of the monomer (9) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization mmtiator were dissolved 1n 60 ml of tetrahy-
drofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was filtered, and the obtained filtrate was then con-
centrated and dried to solidify. The obtained precipitates were
dissolved 1n 60 ml of THF, and the resulting solution was
added to a mixed solution composed of 200 ml of 1sobutanol
and 800 ml of heptane to precipitate crystals. The thus
obtained crystals were filtered and were then dried, thereby
yielding 4.8 g of a white solid (polymer compound (A)-9-1).

In the above formula (A)-9, the composition of the polymer
compound (A)-9-1 represented by the ratio I:m (molar ratio)
of the respective monomers 1s :m=59:41. With respect to the
polymer compound (A)-9-1, the weight average molecular
weight (Mw) was 3,400, and the dispersity (Mw/Mn) was
1.76.

Synthesis of Polymer Compound (A)-9-2

3.43 g of the monomer (1), 4.66 g of the monomer (9) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization imitiator were dissolved 1in 60 ml of tetrahy-

droturan (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved in 60 mL of THE, the result-
ing solution was poured into 1,000 ml of heptane to precipi-
tate a resin, and the precipitated resin was then filtered.
Furthermore, the obtained resin was dissolved in 50 mL of
THEF, and the resulting solution was poured into a mixed
solvent composed of 200 ml of 1sobutanol and 800 ml of
heptane to precipitate a resin. The thus obtained resin was
filtered and was then dried, thereby yielding 5.92 g of a white
solid (polymer compound (A)-9-2).
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In the above formula (A)-9, the composition of the polymer
compound (A)-9-2 represented by the ratio 1:m (molar ratio)
of the respective monomers 1s 1:m=38:62. With respect to the
polymer compound (A)-9-2, the weight average molecular
weight (Mw) was 5,900, and the dispersity (Mw/Mn) was
2.26.

Synthesis of Polymer Compound (A)-9-3

4.28 g of the monomer (1), 3.87 g of the monomer (9) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a

polymerization initiator were dissolved 1 60 ml of tetrahy-
drofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. The resulting reaction solu-
tion was transparent. Subsequently, the reaction solution was
concentrated and dried to solidify using an evaporator. There-
after, the resultant was dissolved in 60 mL of THE, the result-
ing solution was poured into 1,000 ml of heptane to precipi-
tate a resin, and the precipitated resin was then filtered.
Further, the obtained resin was dissolved in S0 ml. of THF, the
resulting solution was poured 1nto a mixed solvent composed
of 200 ml of 1sobutanol and 800 ml of heptane to precipitate
a resin, and the precipitated resin was then filtered. Further-
more, the obtained resin was dissolved 1n 50 mL of THF, the
resulting solution was dropwise added to 200 ml of 1sobu-
tanol, followed by the addition o1 800 ml of heptane thereto to
precipitate a resin, and the thus obtained resin was filtered and
was then dried, thereby vielding 4.98 g of a white solid
(polymer compound (A)-9-3).

In the above formula (A)-9, the composition of the polymer
compound (A)-9-3 represented by the ratio I:m (molar ratio)
of the respective monomers 1s :m=48:352. With respect to the

polymer compound (A)-9-3, the weight average molecular
weight (Mw) was 3,400, and the dispersity (Mw/Mn) was
1.83.

Synthesis of Polymer Compound (A)-9-4

4.28 g of the monomer (1), 3.87 g of the monomer (9) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization initiator were dissolved i 60 ml of tetrahy-
drofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was filtered, and the obtained filtrate was then con-
centrated and dried to solidify. The resultant was dissolved 1n
60 ml of THE, and the resulting solution was added to a mixed
solution composed of 200 ml of 1sobutanol and 800 ml of
heptane to precipitate crystals. The thus obtained crystals
were filtered and were then dried, thereby yielding 6.89 g of
a white solid (polymer compound (A)-9-4).

In the above formula (A)-9, the composition of the polymer
compound (A)-9-4 represented by the ratio I:m (molar ratio)
of the respective monomers 1s :m=51:49. With respect to the

polymer compound (A)-9-4, the weight average molecular
weight (Mw) was 4,300, and the dispersity (Mw/Mn) was
1.86.

Synthesis of Polymer Compound (A)-9-5

2.5 g of the monomer (1), 1.42 g of the monomer (9) and
0.18 g of dimethyl azobisisobutyrate (product name: V-601
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manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization mitiator were dissolved 1 200 ml of propy-
lene glycol monomethyl ether (PGME).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was filtered, the obtained filtrate was then concen-
trated and dried to solidily, and the resultant was dissolved in
50 ml of PGME. Thereatter, the obtained solution was drop-
wise added to 200 ml of 1sobutanol, followed by the addition
o1 1,000 ml of heptane thereto to precipitate crystals. The thus
obtained crystals were filtered and were then dried, thereby
yielding 2.20 g of a white solid (polymer compound (A)-9-5).

In the above formula (A)-9, the composition of the polymer
compound (A)-9-5 represented by the ratio I:m (molar ratio)
of the respective monomers 1s 1 :m=68:32. With respect to the
polymer compound (A)-9-5, the weight average molecular

weight (Mw) was 2,900, and the dispersity (Mw/Mn) was
2.60.

Synthesis of Polymer Compound (A)-10

4.28 ¢ of the monomer (1), 2.59 g of the monomer (9),

0.738 g of the monomer (10) and 0.12 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako

Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1n 80 ml of tetrahydroturan (THEF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was filtered, and the obtained filtrate was then con-
centrated and dried to solidily using an evaporator. Thereat-
ter, the resultant was dissolved in 70 mL of THEF, and the
resulting solution was poured 1nto 1,000 ml of heptane to
precipitate a resin. The thus obtained resin was filtered and
was then dried, thereby vielding 4.98 ¢ of a white solid
(polymer compound (A)-10).

In the following formula (A)-10, the composition of the
polymer compound (A)-10 represented by the ratio l:m:n
(molar ratio) of the respective monomers 1s I:m:n=50:33:17.
With respect to the polymer compound (A)-10, the weight
average molecular weight (Mw) was 4,400, and the dispersity

(Mw/Mn) was 2.01.

|Chemuical Formula 72|

OH
O=—=5=—0

NH,

Synthesis of Polymer Compound (A)-10-1

4.28 g of the monomer (1), 2.59 g of the monomer (9),
0.738 g of the monomer (10) and 0.12 g of dimethyl azobi-
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sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator

were dissolved 1 60 ml of tetrahydrofuran (THEF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was filtered, and the obtained filtrate was then con-
centrated and dried to solidily using an evaporator. Thereat-
ter, the resultant was dissolved in 70 mL of THF, and the
resulting solution was poured into 1,000 ml of heptane to
precipitate a resin. The thus obtained resin was filtered and
was then dried, thereby vielding 3.05 g of a white solid
(polymer compound (A)-10-1).

In the above formula (A)-10, the composition of the poly-
mer compound (A)-10-1 represented by the ratio I:m:n (molar
rat10) of the respective monomers 1s 1:m:n=46:37:17. With
respect to the polymer compound (A)-10-1, the weight aver-

age molecular weight (Mw) was 3,200, and the dispersity
(Mw/Mn) was 1.97.

Synthesis of Polymer Compound (A)-11

3.43 g of the monomer (1), 3.10 g of the monomer (9), 1.86
g of the monomer (11) and 0.12 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were

dissolved 1n 60 ml of tetrahydrofuran (THF).

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 70° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator. Thereaiter, the resultant was dissolved 1n 40 mL
of THF, and the resulting solution was poured into 1,000 ml of
heptane to precipitate a resin. The thus obtained resin was
filtered and was then dried, thereby yielding 6.97 g of a white
solid (polymer compound (A)-11).

In the following formula (A)-11, the composition of the
polymer compound (A)-11 represented by the ratio l:m:n
(molar ratio) of the respective monomers 1s 1:m:n=39:40:21.
With respect to the polymer compound (A)-11, the weight
average molecular weight (Mw) was 5,000, and the dispersity
(Mw/Mn) was 1.89.

|Chemical Formula 73]

(A)-11

OH
O=—=5=—70

NH,
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-continued

Synthesis of Polymer Compound (A)-11-1

6.86 g of the monomer (1), 3.10 g of the monomer (9), 7.44

g of the monomer (11) and 0.24 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were

dissolved 1n 100 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 50 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The same operation was
repeated once more and the obtained crystals were dried,
thereby yielding 15.22 g of a whate solid (polymer compound
(A)-11-1).

In the above formula (A)-11, the composition of the poly-
mer compound (A)-11-1 represented by the ratio I:m:n (molar
ratio) of the respective monomers 1s I:m:n=36:24:40. With
respect to the polymer compound (A)-11-1, the weight aver-
age molecular weight (Mw) was 11,100, and the dispersity
(Mw/Mn) was 2.32.

Synthesis of Polymer Compound (A)-11-2

3.43 gofthe monomer (1), 1.55 g of the monomer (9), 3.72
g of the monomer (11) and 0.24 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were
dissolved in 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 100 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 3.3 g of a white solid (poly-
mer compound (A)-11-2).

In the above formula (A)-11, the composition of the poly-
mer compound (A)-11-2 represented by the ratio I:m:n (molar
ratio) of the respective monomers 1s 1:m:n=40:23:37. With
respect to the polymer compound (A)-11-2, the weight aver-
age molecular weight (Mw) was 4,100, and the dispersity
(Mw/Mn) was 1.82.
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Synthesis of Polymer Compound (A)-11-3

4.28 g ol the monomer (1), 2.59 g of the monomer (9), 1.55
g of the monomer (11) and 0.24 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were
dissolved in 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved in 100 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 6.10 g of a white solid
(polymer compound (A)-11-3).

In the above formula (A)-11, the composition of the poly-
mer compound (A)-11-3 represented by the ratio I:m:n (molar
rat10) of the respective monomers 1s 1:m:n=51:32:17. With
respect to the polymer compound (A)-11-3, the weight aver-
age molecular weight (IMw) was 2,700, and the dispersity

(Mw/Mn) was 1.67.

Synthesis of Polymer Compound (A)-11-4

5.71 g of the monomer (1), 1.72 g of the monomer (9), 1.03
g of the monomer (11) and 0.24 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were
dissolved in 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 100 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 5.30 g of a white solid
(polymer compound (A)-11-4).

In the above formula (A)-11, the composition of the poly-
mer compound (A)-11-4 represented by the ratio I:m:n (molar
rat10) of the respective monomers 1s 1:m:n=67:21:12. With
respect to the polymer compound (A)-11-4, the weight aver-
age molecular weight (Mw) was 2,000, and the dispersity

(Mw/Mn) was 1.63.

Synthesis of Polymer Compound (A)-11-5

4.28 g of the monomer (1), 2.59 g of the monomer (9), 1.55
g of the monomer (11) and 0.24 g of dimethyl azobisisobu-
tyrate (product name: V-601 manufactured by Wako Pure
Chemical Industries, Ltd.) as a polymerization initiator were
dissolved 1n 150 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an

evaporator, and the resultant was then dissolved in 100 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
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heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 1.76 g of a white solid
(polymer compound (A)-11-5).

In the above formula (A)-11, the composition of the poly-
mer compound (A)-11-5 represented by the ratio I:m:n (molar
ratio) of the respective monomers 1s 1:m:n=52:31:17. With
respect to the polymer compound (A)-11-3, the weight aver-
age molecular weight (Mw) was 4,000, and the dispersity

(Mw/Mn) was 1.76.

Synthesis of Polymer Compound (A)-13

5.14 g of the monomer (1), 2.88 g of the monomer (12) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization initiator were dissolved in 50 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 60 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 6.47 g of a white solid
(polymer compound (A)-13).

In the following formula (A)-13, the composition of the
polymer compound (A)-13 represented by the ratio 1:m (mo-
lar ratio) of the respective monomers 1s 1:m=59:41. With
respect to the polymer compound (A)-13, the weight average
molecular weight (Mw) was 7,100, and the dispersity (Mw/
Mn) was 2.06.

|Chemuical Formula 74|

(A)-13

O=—=5=—0

NH,

Synthesis of Polymer Compound (A)-14

3.43 g of the monomer (1), 5.58 g of the monomer (11) and
0.12 g of dimethyl azobisisobutyrate (product name: V-601
manufactured by Wako Pure Chemical Industries, Ltd.) as a
polymerization initiator were dissolved in 50 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 50 mL of
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PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The same operation was
repeated once more and the obtained crystals were dried,
thereby yielding 8.54 g of a white solid (polymer compound

(A)-14).

In the following formula (A)-14, the composition of the
polymer compound (A)-14 represented by the ratio 1:m (mo-
lar ratio) of the respective monomers 1s 1:m=37:63. With
respect to the polymer compound (A)-14, the weight average
molecular weight (Mw) was 12,300, and the dispersity (Mw/
Mn) was 2.30.

|Chemical Formula 75]

(A)-14

O O
i OH
O/\/
O—=5—=0
NH,>

Synthesis of Polymer Compound (A)-135

6.86 g of the monomer (1), 7.44 g of the monomer (11),
2.88 g of the monomer (12) and 0.24 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator

were dissolved in 100 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 50 mL of
PGME. Thereatter, the obtained solution was dropwise added

to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated

crystals were collected by filtration. The same operation was
repeated once more and the obtained crystals were dried,
thereby yielding 15.58 g of a whate solid (polymer compound
(A)-15).

In the following formula (A)-15, the composition of the
polymer compound (A)-15 represented by the ratio l:m:n
(molar rati0) of the respective monomers 1s :m:n=36:42:22.
With respect to the polymer compound (A)-15, the weight
average molecular weight (Mw) was 13,300, and the disper-

sity (Mw/Mn) was 2.36.
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|Chemuical Formula 76]
(A)-15
C C
\C i \C 71 \C H
-~ Oﬁ/ Oﬁ/
O O O
O
NH, OH
Synthesis of Polymer Compound (A)-15-1

6.86 g of the monomer (1), 7.44 g of the monomer (11),
2.88 g of the monomer (12) and 0.24 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1n 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved in 100 mL of
PGME. Thereafter, the obtained solution was divided into
two and each of these aliquots was dropwise added to 200 ml
of IBA, followed by the addition of 1,000 ml of heptane
thereto to precipitate crystals, and the precipitated crystals
were collected by filtration. The same operation was repeated
once more. The thus obtained crystals were dried, thereby
yielding 15.3 g of a white solid (polymer compound (A)-15-
1). In the above formula (A)-15, the composition of the poly-
mer compound (A)-15-1 represented by the ratio I:m:n (molar
ratio) of the respective monomers 1s 1:m:n=39:40:21. With
respect to the polymer compound (A)-15-1, the weight aver-
age molecular weight (Mw) was 7,200, and the dispersity
(Mw/Mn) was 2.08.

Synthesis of Polymer Compound (A)-13-2

3.43 g of the monomer (1), 3.72 g of the monomer (11),
1.44 ¢ of the monomer (12) and 0.24 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1n 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an
evaporator, and the resultant was then dissolved 1n 50 mL of
PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated
crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 3.7 g of a white solid (poly-
mer compound (A)-15-2).

In the above formula (A)-15, the composition of the poly-
mer compound (A)-135-2 represented by the ratio I:m:n (molar
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rat10) of the respective monomers 1s I:m:n=39:40:21. With
respect to the polymer compound (A)-15-2, the weight aver-

age molecular weight (IMw) was 5,000, and the dispersity
(Mw/Mn) was 1.96.

Synthesis of Polymer Compound (A)-13-3

3.85 g of the monomer (1), 4.19 g of the monomer (11),
0.72 g of the monomer (12) and 0.24 g of dimethyl azobi-
sisobutyrate (product name: V-601 manufactured by Wako
Pure Chemical Industries, Ltd.) as a polymerization initiator
were dissolved 1n 200 ml of PGME.

Subsequently, nitrogen was bubbled through the solution
for approximately 10 minutes, and the solution was then
stirred under heating for 4 hours using a 80° C. o1l bath, and
then cooled to room temperature. Subsequently, the reaction
solution was concentrated and dried to solidily using an

evaporator, and the resultant was then dissolved 1n 50 mL of

PGME. Thereatter, the obtained solution was dropwise added
to 200 ml of IBA, followed by the addition of 1,000 ml of
heptane thereto to precipitate crystals, and the precipitated

crystals were collected by filtration. The thus obtained crys-
tals were dried, thereby yielding 4.6 g of a white solid (poly-
mer compound (A)-15-3).

In the above formula (A)-15, the composition of the poly-
mer compound (A)-15-3 represented by the ratio I:m:n (molar
rat10) of the respective monomers 1s I:m:n=44:44:12. With
respect to the polymer compound (A)-15-3, the weight aver-

age molecular weight (IMw) was 3,300, and the dispersity
(Mw/Mn) was 1.68.

The polymer compounds (A)-1 to (A)-11-5 and (A)-13 to
(A)-15-3 are resins containing each of the structural units
derived from the aforementioned monomers (1) to (12) at
respective proportions. With respect to proportions, the per-
centage (compositional ratio: mol %) of the respective struc-
tural units relative to the combined total of all structural units

constituting each resin 1s indicated.

The percentage (compositional ratio: mol %) of the respec-
tive structural units relative to the combined total of all struc-
tural units constituting each polymer compound, and the
welght average molecular weight (IMw) and dispersity (Mw/
Mn) of each polymer compound are shown 1n Tables 1 and 2.

The weight average molecular weight (Mw) and dispersity
(Mw/Mn) were determined by the polystyrene equivalent
value as measured by gel permeation chromatography (GPC).
The compositional ratio 1s shown as the molar ratio deter-

mined by carbon NMR.

As a comparative resin, a polymer compound represented
by the following chemical formula (A)-12 was used (which

had a weight average molecular weight (Mw) of 5,000, and a
dispersity (Mw/Mn) of 1.34).
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|Chemical Formula 77]

(A)-1
(A)-2
(A)-3
(A)-3'
(A)-3"
(A)-4
(A)-5
(A)-6
(A)-7

(A)-8
(A)-8
(A)-9

(A)-9-1
(A)-9-2
(A)-9-3
(A)-9-4
(A)-9-3

(A)-10

(A)-10-

(A)11

(A)-11-
(A)-11-
(A)-11-
(A)-11-
(A)-11-

(A)-1
(A)-1
(A)-1

(A)-15-
(A)-15-
(A)-15-

non tn n s

) B =

1

L P L b

(1)

50
20
20
20
50
50
50
20

(2)

A

O

(3)

H, H

C
e
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(4)

50
40
40
40

30

TABL.

©)

(10)

<Positive Resist Composition>
The components shown 1n Table 3 were mixed together and

dissolved 1n an organic solvent to obtain positive resist coms-
position solutions.

(L]

2
(11)

(12)

Mw

11,200
4,800
7,100
4,900
8,300
5,200

15,700
5,000
7,200

5,920
13,000
5,520
3,400
5,900
3,400
4,300
2,900
4,400
3,200
5,000
11,100
4,100
2,700
2,000
4,000
7,100
12,300
13,300
7,200
5,000
3,300

(A)-12

Mw/Mn

4.70
2.16
1.83
2.3%
2.02
2.8%
2.14
1.93
1.77

Mw/Mn

3.0%
4.2

2.94
1.76
2.26
1.83
1.86
2.60
2.01
1.97
1.89
2.32
1.82
1.67
1.63
1.76
2.06
2.30
2.36
2.08
1.96
1.6%

TABLE 3
Component Component Component Component
(A) (B) (D) (S)
Example 1 (A)-1 (B)-1 (D)-1 (S)-1
[100] [8] [1.2] [2,000]
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TABLE 3-continued
Component Component Component Component
(A) (B) (D) (S)

Example 2 (A)-2 (B)-1 (D)-1 (S)-1

[100] [8] [1.2] [2,000]
Example 3 (A)-3 (B)-1 (D)-1 (S)-1

[100] [8] [1.2] [2,000]
Example 4 (A)-4 (B)-1 (D)-1 (S)-1

[100] [8] [1.2] [2,000]
Example 5 (A)-5 (B)-1 (D)-1 (S)-1

[100] [8] [1.2] [2,000]

In Table 3, the reference characters indicate the following.
Further, the values 1n brackets [ | indicate the amount (1n
terms of parts by weight) of the component added.

(A)-1 to (A)-5: the respective polymer compounds (A)-1 to
(A)-5 described above.

(B)-1: (4-methylphenyl)diphenylsulfonium nonafluorobu-
tanesulfonate.

(D)-1: tri-n-pentylamine

(S)-1: propylene glycol monomethyl ether (PGME).
(Evaluation of Lithographic Properties)

The following evaluations on lithographic properties were
performed using the positive resist composition solutions
thus obtained.

An organic antireflection film composition (product name:
ARC-29A, manufactured by Brewer Science Ltd.) was
applied uniformly onto an 8-inch silicon wafer using a spin-
ner, and the composition was then baked and drnied on a
hotplate at 205° C. for 60 seconds, thereby forming an organic
antireflection film having a film thickness of 77 nm.

Then, the positive resist composition shown 1n Table 3 was
applied onto the antireflection film using a spinner, and was
then prebaked (PAB) and dried on a hotplate at 100° C. for 60
seconds, thereby forming a resist film having a film thickness
of 150 nm.

Subsequently, the resist film was selectively irradiated with
an ArF excimer laser (193 nm) through a mask pattern having
a target s1ze of “line width of 120 nm, space width of 120 nm,
and (line width):(space width)=1:1", using an ArF exposure
apparatus NSR-S302 (manufactured by Nikon Corporation;
NA (numerical aperture)=0.60, 34 annular 1llumination).

Thereafter, a post exposure bake (PEB) treatment was con-
ducted at 100° C. for 60 seconds, and the resist film was then
developed for 30 seconds at 23° C. 1 a 2.38% by weight
aqueous solution of tetramethylammonium hydroxide
(TMAH). The resist film was then washed with water for 30
seconds and dried. At each exposure dose shown 1n Table 4, 1t
was confirmed that a resist pattern having a line and space
pattern (1:1) with aline width of 120 nm and a pitch of 120 nm
had been resolved.

TABLE 4
Exposure Dose
(mJ/em?)
Example 1 45
Example 2 29
Example 3 7
Example 4 13
Example 5 29

<Negative Resist Composition>

The components shown 1n Tables 5 and 6 were mixed
together and dissolved 1n an organic solvent to obtain nega-
tive resist composition solutions.
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TABLE 5

Compo- Compo- Compo- Compo-
Component (A) nent (B) nent(C) nent(D) nent(S)

Example 6 (A)-8 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [1,000]

(S)-2
[1,000]

Example 7 (A)-9 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [1,000]

(S)-2
[1,000]

Example 8 (A)-9-2 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 9 (A)-10 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 10 (A)-11 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Comparative (A)-12 (B)-2 (C)-1 (D)-2 (S)-1
Example 1 [100] [2] [5] [0.4] [2,000]

TABLE 6

Compo- Compo- Compo- Compo-
Component (A) nent (B) nent(C) nent(D) nent(S)

Example 11 (A)-10-1 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 12 (A)-9-3 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 13 (A)-9-4 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 14 (A)-9-4 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [10] [0.4] [2,000]

Example 15 (A)-13-1 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 16 (A)-8-1 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 17 (A)-15 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 18 (A)-15-1 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 19 (A)-11-1 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 20 (A)-11-2 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 21 (A)-9-5 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 22 (A)-15-2 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

Example 23 (A)-15-3 (B)-2 (C)-1 (D)-2 (S)-1
[100] [2] [5] [0.4] [2,000]

In Tables 5 and 6, the reference characters indicate the
following. Further, the values in brackets [ | indicate the
amount (1n terms of parts by weight) of the component added.

(A)-8 to (A)-15-3: the respective polymer compounds (A)-8
to (A)-15-3 described above.

(B)-2: triphenylsulfonium trifluoromethanesulfonate

(C)-1: tetramethoxymethylated glycoluril (product name:
Nikalac MX-270, manufactured by Sanwa Chemical Co.,
Ltd.)
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|Chemuical Formula 78]
O
H3;COH,C )‘\ CH,OCH;
NN N
N N
H,COH,C” Y “NCH,OCH,
O

(D)-2: truisopropanolamine

(S)-1: propylene glycol monomethyl ether (PGME)
(S)-2: dimethyl sulfoxide (DMSQO)

(Evaluation of Residual Film Properties)

The following evaluations on residual film properties were
performed using the negative resist composition solutions
thus obtained.

An organic antireflection film composition (product name:
ARC-29, manufactured by Brewer Science Ltd.) was applied
uniformly onto an 8-inch silicon water using a spinner, and
the composition was then baked and dried on a hotplate at
205° C. for 60 seconds, thereby forming an organic antire-
flection film having a film thickness of 77 nm.

The negative resist composition shown 1 Tables 5 and 6
was then applied onto the organic antireflection film using a
spinner, and was then prebaked (PAB) and dried on a hotplate
at 80° C. for 60 seconds, thus forming a resist film having a
film thickness of 160 nm.

Subsequently, using an ArF exposure apparatus NSR-S302
(product name, manufactured by Nikon Corporation, NA (nu-
merical aperture)=0.60, 2/ annular illumination), the resist

film was then irradiated with an ArF excimer laser (193 nm)
using an exposure dose of 1 to 30 mJ/cm?.

Thereafter, a post exposure bake (PEB) treatment was con-
ducted at 100° C. for 60 seconds, and the resist film was then
developed for 60 seconds at 23° C. 1n a 2.38% by weight
aqueous solution of tetramethylammonium hydroxide
(TMAH). The resist film was then washed with water for 30
seconds, and the film thickness of the resist film was mea-
sured.

The residual film ratio (resist film thickness following
developing/resist film thickness upon film deposition (prior
to exposure)) at an exposure dose of 30 mJ/cm® was deter-
mined. The results are shown 1n Table 7.

TABLE 7
Residual Film Properties (%)
Example 6 42
Example 7 30
Example 8 69
Example 9 70
Example 10 83
Comparative Example 1 0
Example 11 75
Example 12 82
Example 13 80
Example 14 75
Example 15 95
Example 16 90
Example 17 99
Example 1% 99
Example 19 97
Example 20 96
Example 21 33
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TABLE 7-continued

Residual Film Properties (%o)

92
90

Example 22
Example 23

In those cases where the composition of Comparative
Example 1 was used, the residual film ratio within an expo-
sure dose from 1 to 30 mJ/cm® was always 0%, and thus it
became apparent that the crosslinking reaction did not pro-
ceed, and the composition was not able to function as a
negative resist composition.

On the other hand, 1t was confirmed that all of the resist
compositions of present examples according to the present
invention exhibited excellent residual film properties, and
were able to function as negative resist compositions.
(Evaluation of Lithographic Properties)

The following evaluations on lithographic properties were
performed using the negative resist composition solutions of
Examples 8, 9 and 10.

An organic antireflection film composition (product name:
ARC-29, manufactured by Brewer Science Ltd.) was applied
uniformly onto an 8-inch silicon wafer using a spinner, and
the composition was then baked and dried on a hotplate at
205° C. for 60 seconds, thereby forming an organic antire-
flection film having a film thickness of 77 nm.

Each of the negative resist compositions of Examples 8, 9
and 10 was then applied onto the organic antireflection film
using a spinner, and was then prebaked (PAB) and dried on a
hotplate at 80° C. for 60 seconds, thus forming a resist film
having a film thickness of 160 nm.

Subsequently, using an ArF exposure apparatus NSR-S302
(product name, manufactured by Nikon Corporation, NA (nu-

merical aperture)=0.60, 24 annular 1llumination), the resist
f1lm was then irradiated with an ArF excimer laser (193 nm)
through a mask pattern with a line and space pattern (1:1).

Thereatter, a post exposure bake (PEB) treatment was con-
ducted at 100° C. for 60 seconds, and the resist film was then
developed for 60 seconds at 23° C. 1 a 2.38% by weight
aqueous solution of tetramethylammonium hydroxide
(TMAH). The developed resist film was then washed with
water for 30 seconds and dried. It was confirmed that resist
patterns having line and space patterns with the respective
line widths shown 1n Table 8 had been resolved.

TABLE 8
Exposure Dose Line Width
(mJ/cm?) (nm)
Example 8 28.0 200
Example 9 24.0 150
Example 10 27.0 140

INDUSTRIAL APPLICABILITY

According to the present invention, a novel polymer com-
pound, a resist composition and a method of forming a resist
pattern which can be used in lithography applications are
provided. Therefore, the present invention 1s extremely usetul
in industry.

The invention claimed 1s:
1. A polymer compound comprising a structural unit (a0)
represented by general formula (a0-1) shown below:
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|Chemical Formula 1]
1 (a0-1)
H, R
A&
R2
O=—=C
\O 5
~ I
S—N—R
|
O R
R3

wherein R’ represents a hydrogen atom, an alkyl group of 1 to
S carbon atoms or a fluorinated alkyl group of 1 to 5 carbon
atoms; R* and R> each independently represents a hydrogen
atom, an alkyl group or an alkoxy group, or R* and R® may be
bonded together to form an alkylene group that may include
an oxygen atom or sulfur atom at an arbitrary position, —O

or —S—; R* and R” each independently represents a hydro-
gen atom, an alkyl group that may include an oxygen atom at
an arbitrary position, a cycloalkyl group that may include an
oxygen atom at an arbitrary position or an alkoxycarbonyl
group.

2. The polymer compound according to claim 1, further
comprising a structural unit (al) derived from an acrylate
ester having an acid dissociable, dissolution inhibiting group.

3. The polymer compound according to claim 1, further
comprising a structural umt (a2) dertved from an acrylate

ester having a lactone-containing cyclic group.
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4. The polymer compound according to claim 1, further
comprising a structural unit (a3) that 1s outside the definition
of the structural unit (a0), and 1s derived from an acrylate ester
that contains a polar group-containing aliphatic hydrocarbon
group.

5. The polymer compound according to claim 4,

wherein the structural unit (a3) i1s a structural unit (a'3)

derived from an acrylate ester containing a hydroxyl
group-containing aliphatic cyclic group and/or a struc-
tural umt (a"3) derived from an acrylic acid that has no
cyclic structure and has an alcoholic hydroxyl group on
a side chain.

6. The polymer compound according to claim 1, further
comprising a structural unit (a4) that 1s outside the definition
of the structural units (a0) to (a3), and 1s derived from an
acrylate ester that contains a non-acid-dissociable, aliphatic
polycyclic group.

7. A resist composition comprising:

a resin component (A) which contains the polymer com-

pound of claim 1; and

an acid-generator component (B) which generates acid

upon 1rradiation.

8. A method of forming a resist pattern comprising;:

applying a resist composition of claim 7 to a substrate to

form a resist film on the substrate:

subjecting the resist film to exposure; and

developing the resist film to form a resist pattern.



	Front Page
	Specification
	Claims

